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THE  REFINING  OF  IRON  AND  STEEL  IN  INDUCTION 
TYPE  FURNACES 


BY   C.   F.   ELWELL 


Electrical  Features 

The  furnaces  for  the  refining  of  steel  electrically,  which  have 
passed  the  experimental  stage,  may  be  divided  into  two  distinct 
groups,  viz.,  arc  furnaces  and  induction  furnaces. 

To  the  former  belong  the  Heroult,  Stassano,  Keller  and  Girod 
furnaces,  and  to  the  latter  the  Kjellin  and  Rochling-Rodenhauser 
furnaces.  Of  the  former  the  Heroult  furnace  is  perhaps  the 
best  known  and  most  successful  and  as  comparison  always  carries 
more  weight  than  a  description,  it  will  be  used  as  the  representa- 
tive of  the  arc  furnaces.  The  electrical  features  may  be  di- 
vided up  under  several  heads. 

Distribution  of  Heating  Effect  of  the  Current 
Arc  Furnaces,  In  the  Heroult  furnace  the  current  passes  from 
one  electrode  through  an  arc  to  the  slag,  through  the  slag  to  the 
upper  metal  and  thence  through  another  arc  to  another  electrode, 
and  of  the  current  which  passes  through  the  carbons  only  a  small 
percentage  passes  through  part  of  the  metal.  As  the  heating 
effect  of  the  arc  is  far  greater  than  any  eflfect  of  the  resistance  of 
the  charge,  there  must  be  large  differences  of  temperature  be- 
tween different  parts  of  the  bath  of  metal  even  in  spite  of  the 
great  activity  of  the  bath  around  the  electrodes.  This  is  es- 
pecially the  case  with  a  deep  bath  of  metal.  It  is  for  this  reason 
that  Girod  employs  a  bottom  electrode,  thinking  thus  to  have 
these  differences  of  temperature  less  by  passing  all  the  current 
for  the  arcs  through  the  bath.     From  figures  given  in  Stahl 
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and  Eisen  for  a  two-ton  Girod  furnace,  it  was  computed  that  the 
resistance  of  the  carbon  electrode  was  3800  times  that  of  the  bath 
of  metal  and  so  3800  times  more  electrical  energy  was  converted 
into  heat  in  the  carbon  electrode  than  in  the  bath  itself.  From 
this  it  is  seen  that  if  the  current  in*the  bath  of  metal  produces 
any  considerable  part  of  the  heat  of  the  furnace,  there  must  be 
a  large  loss  of  energy  in  the  carbon  electrode.  The  only  cor- 
rection for  this  is  to  make  the  electrodes  larger,  and  the  working 
limit  has  already  been  reached.  The  fact  is  that  the  bath  is 
very  little  heated  by  the  passage  of  the  cturent  and  almost 
all  the  heating  in  this  type  of  furnace  is  done  by  the  very 
localized  heating  of  the  arc.  The  matter  of  the  losses  of 
energy  in  the  carbons  will  be  taken  up  under  the  heading  of 
efficiency. 

Induction  Furnaces.  The  principle  of  the  induction  fxuriace 
is  already  well  known  to  you  but  in  order  to  compare  the  Kjellin 
and  Rochling-Rodenhauser  types  it  will  be  well  to  repeat  briefly 
the  principle  of  operation  and  the  type  of  construction  of  the 
Kjellin  type.  The  furnace  consists  essentially  of  an  iron  core 
around  one  leg  of  which  is  wound  a  primary  winding  enclosed 
in  a  refractory  case  and  usually  cooled  by  means  of  forced 
draught.  The  annular  hearth  surrounds  this  primary  coil  and 
is  separated  from  it  by  means  of  refractory  material.  This 
hearth  contains  the  metal  and  acts  as  a  secondary  winding 
of  one  turn.  The  voltage  induced  in  this  turn  is  quite  small  so 
that  the  energy  transformed  from  the  primary  coil  results  in  a 
very  large  cturent  in  the  secondary,  which  heats  the  metal  and 
thus  nearly  all  the  electrical  energy  is  converted  into  heat  in  the 
metal  to  be  melted.  The  ring  being  of  constant  cross  section, 
the  heating  is  about  uniform  over  the  whole  bath  of  metal. 
The  Rochling-Rodenhauser  furnace  has  a  differently  shaped 
hearth  to  the  Kjellin  furnace  and  a  description  would  not  be  out 
of  place  at  this  junctiu-e.  The  furnaces  are  constructed  either 
for  single-  or  three-phase  cturent.  In  the  former  case  there 
are  two  grooves  and  in  the  latter,  three  grooves.  In  both  cases 
these  grooves,  which  are  similar  to  the  grooves  in  the  Kjellin 
furnace,  open  into  a  distinct  open  hearth.  The  cross  section  of 
the  grooves  is  comparatively  small  and  they  form  the  secondary 
circuits  in  which  the  currents  which  heat  the  metal  are  induced. 
Lateral  doors  are  provided  so  that  the  contents  of  the  working 
chamber  may  be  watched,  slag  drawn  off  or  charge  put  in.  The 
chief  electrical  difference  between  the  Rochling-Rodenhauser 
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and  Kjellin  furnace  is  that  a  distinct  secondary  winding  is  pro- 
vided in  the  former  and  the  current  induced  is  led  by  means  of 
heavy  terminals  to  plates  embedded  in  the  refractory  material 
of  the  fiunace.  This  refractory  material  becomes  an  electrical 
conductor  at  the  higher  temperatures,  and  this  enables  an  addi- 
tional circuit  to  be  formed,  so  that  the  currents  induced  in  the 
secondary  winding  pass  through  the  bath  of  metal,  heating  the 
bath  still  further.  The  current  also  serves  to  neutralize  the 
great  self-induction  of  the  secondary  and  a  better  power  factor 
is  obtained.  The  point  to  be  recognized  here  is  that  the  heating 
is  uniform  and  not  localized  as  in  the  Heroult  furnace. 

Variation  of  Load  on  Supply  Mains 
Arc  Furnace.  The  instability  of  an  arc  is  well  known  and  the 
load  on  a  supply  circuit,  even  with  constant  watching,  varies 
very  greatly.  If  the  furnace  has  its  own  generator  the  regulation 
can  be  effected  more  simply  but  the  best  furnace  is  one  which 
can  be  connected  to  regular  three-phase  supply  mains.  To  do  so 
with  the  Heroult  furnace  means  motor-driven  electrode  regu- 
lators, etc.,  and  even  then  the  furnace  is  not  a  very  desirable 
load. 

Indtiction  Furnaces.  The  changes  in  load  on  an  induction 
furnace  are  always  of  the  intentional  kind  and  sudden  changes 
of  load  are  practically  impossible  with  an  induction  furnace. 

Adaptability  to  Connection  to  Supply  Mains 
In  the  question  of  power  factor  the  Heroult  furnace  shows  some 
advantage  over  the  Kjellin  furnace  for  in  order  to  build  a  Kjellin 
furnace  of  eight-ton  capacity  and  keep  the  power  factor  up  to 
0.6  or  0.7  it  was  necessary  to  lower  the  frequency  to  five  periods 
per  second.  As  a  five-cycle  generator  costs  more  than  twice 
as  much  as  a  25-cyele  generator  this  is  a  serious  question.  But 
with  the  Rochling-Rodenhauscr  furnace  the  current  in  the  second 
secondary  winding  can  be  used  to  neutralize  the  effect  of  self 
induction  to  such  an  extent  that  a  seven-ton  furnace  may  be 
operated  with  25  cycles  with  a  power  factor  of  0.6  while  a  three- 
ton  furnace  on  26  cycles  has  a  power  factor  of  0.8.  The  smaller 
Rochling-Rodenhauser  furnaces  are  operated  from  50  cycles  with 
power  factors  of  0.85  and  0.8.  In  my  opinion  the  most  eco- 
nomical way  to  correct  this  evil  is  by  using  fixed  condensers  which 
cost  only  a  small  percentage  of  the  cost  of  the  furnace  and  the 
power  factor  may  be  made  as  high  as  desired. 
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Electrical  Efficiency 

Arc  Furnaces,  The  before  mentioned  Girod  furnace  with  but 
one  electrode  of  14  in.  (35.5  cm.)  diameter  and  a  current  of 
6200  amperes  at  60  volts  showed  a  power  loss  of  10  per  cent  in 
the  electrode  alone.  In  the  Heroult  furnace  the  current  is  in 
general  smaller  but  there  are  two  electrodes  in  series  and  the 
result  is  about  the  same.  Not  only  is  energy  lost  in  the  elec- 
trodes by  reason  of  their  high  resistance  but  a  large  amount  is 
also  lost  by  means  of  the  water  cooling  of  the  jackets  which  is 
necessary  because  of  their  high  conductivity  for  heat.  The 
cost  of  maintenance  of  carbon  electrodes  is  also  considerable. 
Radiation  loss  is  greater  with  the  arc  furnaces  because  a  great 
deal  of  the  heat  of  the  arc  is  reflected  to  the  roof  which  must  be 
water  cooled  to  last,  and  even  then  has  to  be  renewed  about 
every  14  days. 

Induction  Furnaces.  Tests  made  on  a  3.5  ton  furnace  at 
Volklingen  have  shown  an  electrical  efficiency  of  97  per  cent  which 
is  a  contrast  to  the  10  per  cent  lost  in  electrodes  alone  in  arc 
furnaces.  The  electrode  plates  never  wear  out  for  they  do  not 
come  in  contact  with  the  molten  metal  or  slag  and  the  portion 
of  the  lining  which  acts  as  a  conductor  has  been  found  in  practice 
to  last  longer  than  any  other  portion  of  the  lining. 

Summary  of  Electrical  Features 
a.  Heating  of  metal  bath  is  much  more  uniform  in  induction 
furnace. 

6,  The  variation  of  load  is  much  less  with  the  induction  fur- 
nace. 

c.  The  adaptability  to  connection  to  existing  power  net- 
works is  in  favor  of  the  induction  furnace. 

d.  The  efficiency  is  in  favor  of  the  induction  furnace. 

Metallurgical  Features 
The  earlier  induction  furnaces,  i.e.,  those  of  the  Kjellin  type 
did  not  show  many  metallurgical  advantages  except  that  it  was 
possible  to  treat  much  larger  charges  than  with  crucible  methods. 
They  were  quite  unsuited  to  working  with  slag  because  of  the 
shape  of  the  hearth  and  so  only  served  to  melt  pure  materials. 
The  shape  of  the  Rochling-Rodenhauser  furnace  is  such  that 
slags  can  readily  be  handled  and  refining  carried  on.  At  the 
same  time  it  can  be  used  for  smelting  work  whenever  necessary, 
and  as  much  larger  charges  can  be  worked,  a  considerable  saving 
is  made  in  crucible  steel  working. 
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The  advantages  of  the  electric  furnace  are: 

1.  On  account  of  the  convenient  regulation  of  the  temperature 
attainable  the  phosphorus  can  be  removed  until  only  a  trace 
remains. 

2.  It  is  especially  suitable  for  the  most  thorough  desulphuriza- 
tion. 

3.  When  the  refining  is  complete,  the  charge  can  be  left  in  the 
furnace  as  long  as  may  be  desired  without  change  of  composi- 
tion. 

At  TroUhattan,  Sweden,  the  furnace  is  started  by  means  of  a 
ring  of  metal.  The  cold  materials  are  charged  gradually  until 
all  are  melted.  Continuous  operation  is  possible  by  leaving  a 
portion  of  the  molten  metal  in  the  furnace  after  each  teeming. 

At  Volklingen,  Germany,  the  furnaces  are  supplied  with 
molten  metal  from  basic  Bessemer  converters  which  contains 
about  0.08  per  cent  S  and  0.08  per  cent  P.  The  extent  of  the 
dephosphorization  and  desulphurization  depends  on  what  the 
steel  is  wanted  for. 

An  oxidizing  slag  is  formed  from  lime  and  millscale  or  ore, 
which  is  removed  as  far  as  possible  when  dephosphorization  is 
complete.  The  re-carburization  takes  place  and  a  slag  free  from 
iron  is  formed  for  desulphurization.  A  typical  slag  for  de- 
sulphurization has  a  well-known  white  appearance  and  falls  to  a 
white  powder  on  exposure  to  the  air.  When  the  slag  has  this 
property,  the  charge  may  be  left  as  long  as  desired  in  the  furnace. 
The  furnaces  are  entirely  emptied  after  each  charge  as  the  molten 
converter  steel  allows  the  load  to  be  readily  brought  to  a  satis- 
factory figure. 

When  not  working,  about  one  third  of  the  normal  energy  will 
keep  the  furnace  hot.  The  seven-ton  furnace  at  Volklingen  has 
been  30  hours  without  taking  any  current  and  was  heated  up 
again  with  normal  energy  consumption.  Within  half  an  hour 
the  metal  began  to  glow  and  regained  its  normal  temperature 
after  four  hours  and  the  charge  was  finished  up  in  the  regular 
way.  At  the  works  at  Volklingen  no  work  is  done  on  Sunday 
but  there  is  no  difficulty  in  starting  up  the  furnaces  with  un- 
finished charges  from  the  previous  Saturday. 

The  natural  circulation  which  takes  place  in  induction  furnaces 
serves  to  thoroughly  mix  the  charge  and  the  management  of  the 
Poldihutte,  Austria,  made  a  test  in  which  seven  samples  were 
taken  from  six  different  places  in  the  furnace  and  the  analysis 
of  these  samples  is  shown  in  the  following  table: 
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•   1 

Carbon 

Manganese  ; 

SOicon 

Phosphorus  ' 

Sulphur 

Chromium 

Per  cent 

Per  cent 

Per  cent 

Per  cent 

Per  cent 

Per  cent 

1 

0.81 

1 
0  27 

0.335 

1 

0.031       . 

0.007 

1.00 
1.01 

,  2 

0.77 

• 

0  2d 

0.340 

0.030 

0.008 

1.00 
1.01 

3  : 

0.85 

0  28 

0.345 

0.029 

0.007 

1.00 
1.01 

*l 

0.82 

0  27 

0.335 

0.030 

0.009 

0.98 
0.99 

5 

0.78 

0.25 

0.335 

0.030 

0.009 

0.99 
0.96 

6 

0.78 

0.27 

0.419 

0.031 

0.010 

0.99 

7 

0.79 

0  28 

0.326 

0.030 

0.009 

0.98 

The  furnace  was  teemed  37  minutes  later  and  a  sample  cast 
out  of  the  ladle  gave  the  following  analysis: 

Carbon 0.77  per  cent 

Manganese 0.29        ■ 

Silicon 0.396     " 

Phosphorus 0.031      ■ 

Sulphur 0.009      ■ 

Chromium 0.99       " 

That  the  R6chling-Rodenhauser  furnace  is  no  longer  an  experi- 
ment is  shown  by  the  fact  that  the  3.5-ton  furnace  was  worked 
for  a  whole  year  producing  steel  for  rails,  and  more  than  5,000 
tons  have  been  sold.  The  eight-ton  furnace  has  been  running 
since  November,  1908,  an  average  of  14  days  to  a  lining  and 
1,200  tons  of  rails  to  a  lining.  The  management  contemplates 
the  building  of  a  16-ton  furnace  as  the  next  step. 

At  Dommeldingen  the  two-ton  furnace  is  used  to  refine  crude 
pig  iron. 


Analysis  of 
charge 


Analysis  of 
cast 


Carbon 

Phosphorus. , 

Sulphur 

Nf  anganese. . 
Silicon 


4.0  per  cent 

0.5  per  cent 

1.8 

0.025      ■ 

0.2 

0.03        ■ 

0.0 

0.76 

1.05 

0.056      • 

Breaking  strain 95,000  lb.  per  sq. 

Elongation 20  per  cent 

Contraction  of  area 36.33    * 

Duration  of  convermon 5  hours. 
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Summary  of  Metallurgical  Features 

1.  Having  no  electrodes,  facilities  are  provided  for  heating  the 
bath  without  introducing  impurities  and  the  charge  may  be  left 
indefinitely  in  the  Rochling-Rodenhauser  furnace  without 
change. 

2.  Having  a  large  open  hearth,  (in  the  1.5-ton  furnace  it  is 
60  by  26  in.  or  1.52  by  0.65  m.)  with  doors  it  is  possible  to  do  any 
class  of  refining  in  the  Rochling-Rodenhauser  fiimace  much 
the  same  as  in  the  open  hearth  furnace. 

3.  When  the  hearth  doors  are  closed  the  Rochling-Roden- 
hauser fiunace  is  air-tight  and  may  be  left  for  long  periods  with- 
out great  loss  of  heat,  making  intermittent  working  possible. 

4.  The  natural  gentle  movement  of  the  charge  allows  of  com- 
plete mixing  of  the  ingredients  of  the  charge,  and  is  not  sufiicient 
to  attack  the  lining. 

Costs 

Royalty,  The  German  users  of  the  induction  furnace  pay 
$0.65  per  ton  for  rail  steel  and  $1.50  per  ton  for  crucible  quality 
steel.  This  is  for  small  daily  production.  For  1000  tons  daily 
the  royalty  is  placed  at  $0.36  per  ton  for  rail  steel  and  for  1200  tons 
daily  it  is  $0.50  for  crucible  quality  steel. 

Energy  Required,  A  great  many  figures  have  been  given  out 
most  of  which  were  for  small  furnaces  and  special  runs.  The 
plants  at  Trollhattan  and  Volklingen  being  in  commercial 
operation  supply  the  most  reliable  figures  obtainable. 

Cold  Pig  and  Scrap,  With  cold  materials,  refining,  etc.,  to 
crucible  quality  steel  is  done  with  600  to  900  kw-hr.  per  ton 
according  to  the  size  of  the  furnace. 

Hot  Pig  and  Scrap,  With  hot  pig  iron  and  cold  scrap  crucible 
quality  steel  is  obtained  with  300  to  700  kw-hr.  per  ton  according 
to  the  proportions  of  the  two  ingredients  and  the  size  of  the 
furnace. 

Hot  Metal  from  the  Converter,  Converter  material  with  an 
analysis  of  P,  0.08  per  cent;  S,  0.08  per  cent;  Mn,  0.5  per  cent; 
C,  0.1  per  cent  is  refined  to  steel  for  rails  with  an  analysis  of  P, 
0.05  per  cent;  S,  0.04  per  cent;  Mn,  0.85  per  cent;  C,  0.5  per 
cent  with  100  kw-hr.  per  ton  in  a  seven  ton  furnace.  Same  ma- 
terial is  refined  to  high  quality  steel  showing  only  traces  of 
P  and  S;  Mn,  0.2  per  cent;  C,  0.5  per  cent  with  250  kw-hr. 
per  ton. 

Hot  Metal  from  Open  Hearth  Furnace,  Material  from  open 
hearth  furnace,  already  dephosphorized  and  desulphurized  and 
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containing  1.22  per  cent  C;  Mn,  0.38  per  cent;  Si,  0.21  per  cent 
to  high  quality  steel  with  200  to  250  kw-hr.  per  ton. 

Cost  of  Production,  (1)  For  a  1.5'ton  furnace  melting  scrap 
and  refining  to  pour  best  steel  for  steel  castings.  Furnace  of  the 
three-phase,  tilting  type,    50  cycles,  210  kw,  and  power  factor  0,80. 

Interest  Charges.  Cost  with  all  accessories  about  $9,000. 
With  10  per  cent  for  interest  charges  gives  $900  annually.  Using 
290  working  days  in  a  year  and  six  charges,  3  to  3.5  hours  each, 
daily  and  1500  lb.  to  a  charge  gives  4.2  tons  daily  and  1,220  tons 
yearly.  This  is  equivalent  to  about  21  hours  working.  Cost 
per  ton  for  interest,  $0.74. 

Labor,  Two  men  can  attend  to  this  furnace  with  ease,  as  the 
electrical  part  requires  no  special  attention.  The  melter  adjusts 
the  temperature  and  watches  the  metallurgical  process.  The 
helper  sees  to  the  fan  and  charging  etc.  Allowing  two  shifts  and 
$5.50  per  shift  or  $11  daily  gives  a  labor  cost  of  $2.62  per  ton  of 
steel. 

Lining,  Relining  may  be  done  every  8  or  14  days.  It  takes 
three  tons  of  magnesite  and  0.36  ton  of  tar  to  completely  reline 
the  furnace.  The  relining  is  done  with  half  new  material  and 
half  old.  For  getting  out  the  old  lining,  mixing  material  and 
putting  in  the  new,  four  men  are  allowed  16  hours.  Cost  of 
lining  per  ton  of  steel,  on  an  average,  $1.50. 

If  lined  with  dolomite,  which  is  cheaper,  and  every  14  days 
then  lining  cost  allowing  one  third  material  recovered  is  $1.00 
per  ton  of  steel. 

Keeping  Warm,  When  the  furnace  is  not  used  for  several 
hours  during  the  night,  it  must  be  kept  warm,  for  which  about 
a  third  of  the  working  amount  of  energy  is  necessary.  In  this 
way  if  normal  energy  is  200  kw.  then  about  200  kw-hr.  will  be 
necessary  to  keep  the  furnace  warm  over  the  three-hour  period  of 
rest.  For  six  working  days  this  is  necessary  five  times  and  1000 
kw-hr.  must  be  charged  up  to  heating. 

Cost  of  keeping  furnace  warm  at  $20.00  per  kw-yr.  is  $0.09 
per  ton  of  steel. 

Cooling  of  Transformer,  The  blower  takes  a  2.5-h.p.  motor  or 
1.8  kw.  and  for  24  hours  =  43  kw-hr. 

Cost  of  cooling  transformer  per  ton  of  steel,  $0.02. 

Energy  Consumption,  From  cold  materials  about  850  to 
900  kw-hr.  are  necessary,  in  this  size  furnace.  Taking  larger 
figure  the  cost  of  energy  per  ton  is  $2.06. 

Royalty.  In  the  United  States,  on  the  basis  of  a  plant  of  50 
tons  daily  the  royalty  would  be  about  50  cents  per  ton. 
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SUMMARY  OP  COST 

Interest  charges $0.74 

Labor 2.62 

Lining 1 .  50 

Keexnng  furnace  warm  and  cooling 0.11 

Royalty  (approz.) 0.50 

Energy  for  melting  and  refining 2 .06 

Total $7.5.* 

The  figure  $7.53  is  the  working  cost  which  must  be  added  to  the 
cost  of  the  materials  in  order  to  find  the  cost  of  crucible  quality 
steel  from  scrap.  The  above  figure  would  be  more  reasonable 
with  larger  furnaces. 

Cost  of  Production,  (2)  For  a  two-ton,  SOO  kw,,  three  phase 
tilting  furnace, — Molten  converter  steel  to  quality  steel  for  castings. 

Cost  with  all  accessories  about  $12,500.  With  10  per  cent 
for  interest  charges  gives  $1250  per  annum.  Allowing  250 
working  days  in  the  year  and  16  tons  per  day  gives  4,000  tons 
per  annum  or  $0.31  per  ton  of  steel. 

Interest  charges  per  ton  of  steel $0.31 

Power  for  heating  up,  per  ton  of  steel 0.02 

Power  for  refining,  allowing  upper  figure  of  300  kw-hr.  at  $20  per  kw-yr. .  0.68 

Air  cooling  of  furnace  core 0. 01 

Cost  of  lining  every  ten  days.  (German  figure.) 0. 35 

Wages  allowing  $16  per  day 1 .  00 

Royalty  on  basis  of  60  tons  daily 0 .  60 

Total  cost  per  ton  of  steel $2 .87 

This  figure  would  give  a  good  idea  of  the  cost  of  converting 
molten  pig  iron  into  steel,  exclusive  of  the  ferro  alloys. 

Cost  of  Production,  (3)  For  a  five  ton,  550  kw,,  three  phase 
tilting  furnace. — Molten  converter  steel  to  crucible  quality  steel. 

Cost  with  all  accessories  about  $22,000.  With  10  per  cent 
for  interest  charges  gives  $2,200  per  annum.  Reckoning  250 
working  days  in  the  year,  each  one  with  eight  heats  of  five  tons, 
the  yearly  production  would  be  10,000  tons,  or  $0.22  per  ton  for 
interest  charges. 

Interest  charges $0 .  22 

Power  including  heating  up.      For  a  monthly  average  of  230  to  280  kw-hr. 

per  ton  and  taking  the  higher  figure. .  •. 0 .  64 

Cost  of  lining.     (German  figure.) 0.30 

Wages  allowing  $20  per  day 0 .  50 

Air  cooling  of  core 0.01 

Royalty  (Approx.)     Basis  of  50  tons  daily 0.60 

Total $2.17 

Cost  of  Production.  (4)  For  a  seven  ton,  750  kw,,  three-phase, 
25'Cycle,  0,6'power  factor  tilting  type  furnace, — Converting  molten 
converter  steel  into  high  grade  rails.     For  analysis  see  page  626, 
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Cost  with  all  accessories  $27,000.  Interest  charges  at  10  per 
cent  gives  $2700  per  annum.  Allowing  100  tons  daily  (the 
makers  claim  a  production  of  140  tons)  and  260  working  days  in 
the  year  gives  a  yearly  production  of  25,000  tons  of  rail  steel 
and  interest  charges  per  ton  of  steel  =  $0.11. 

Interest  chargea $0.11 

Power  for  heating  up 0.01 

Power  for  refining.     Makers  claim  100  kw-hr.  per  ton.     Allowing  150  kw- 

hr.  per  ton 0.34 

Power  for  cooling 0.01 

Cost  of  lining.     Pneumatically  tamped.     Two  foremen  and  six  laborers 

or  $21.00  daily.     Per  ton 0.02 

Cost  of  lining  material.     (German  figure) 0.06 

Wages.  Two  bead  raelters  at  $3 .00  and  10  helpers  at  $2.50  $3 1 .00  per  ton . .  0.31 
Royalty  on  rail  steel,  one  furnace  in  U.  S 0.35 

Total $1 .21 

This  is  the  conversion  cost  which  added  to  the  value  of  the  pig 
and  ferro  alloys,  etc.,  gives  the  cost  of  steel  for  rails.  The 
Prussian  Railways  paid  $10  extra  per  ton  for  rails  made  in  this 
furnace  and  were  well  pleased  with  the  product. 

Cost  of  Production,  (5)  For  a  seven-ton,  750'kw,,  three-phase, 
^5'Cycle,  0.6-power  factor,  tilting  type  furruice. — Molten  converter 
steel  to  highest  quality  steel.     For  analysis  see  page  626, 

This  furnace  will  produce  about  half  the  steel  of  this  quality 
as  when  working  on  rail  steel  or  60  tons  daily. 

The  cost  per  ton  under  these  conditions  is  about  $2.00  per  ton 
including  royalty. 

Summary  of  Costs  of  Production  Exclusive  of  Materials 

1.5-ton  furnace  melting  scrap  and  refining  to  pour  high  grade  steel  for 

castings.     Per  ton $7.53 

2-ton  furnace  refining  molten  converter  steel  to  high  grade  steel.  Per  ton . .  2 .  87 
5-ton  furnace  refining  molten  converter  steel  to  high  grade  steel.  Per  ton . .  2.17 
7-ton  furnace  reBning  molten  converter  steel  to  high  grade  steel.  Per  ton . .  2 .  00 
7-ton  furnace  refining  molten  converter  steel  to  high  grade  rails.     Per  ton . .    1-21 
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Discussion  on  "  The  Refining  of  Iron  and  Steel  by  In- 
duction Type  Furnaces,"  Los  Angeles,  Cal.,  April 
25,  1911. 

R.  J.  C.  Wood:  I  notice  here  it  says  one-third  of  the  energy 
is  used  in  radiation  losses.  If  the  radiation  loss  amounts  to 
one-third  of  the  working  amount,  I  don't  see  how  they  could  get 
97  per  cent  efficiency. 

R.  W.  Van  Norden:  I  cannot  answer  the  question  exactly 
but  I  imagine  that  what  Mr.  Elwell  means  is  the  furn- 
ace or  transformer  efficiency.  Taking  into  consideration  the 
heating  of  the  hearth,  it  would  not  have  that  efficiency. 
There  are  no  published  figures  on  the  furnaces  on  the  Pitt; 
there  are  no  induction  furnaces  there  and  I  don't  believe  they 
intend  to  install  any  as  they  are  very  well  satisfied  with  the 
electrode  type.  They  are  not  the  Heroxdt  furnace, but  a  modifica- 
tion of  an  earlier  type  which  the  operators  have  worked  out  them- 
selves. I  can  not  give  any  figures  on  operation  and  costs.  I 
imderstand  that  refined  pig-iron  can  be  laid  down  in  San  Fran- 
cisco at  $18  a  ton,  or  less. 

Earl  W.  Paul:  I  am  slightly  familiar  with  the  process  of 
reducing  iron  ores  and  the  making  of  steel  by  the  Bessemer  and 
open  hearth  processes,  and  know  how  important  it  is  that  the 
product  of  the  furnaces  should  show  a  uniform  chemical  analysis. 

From  the  data  given  in  the  paper  it  appears  that  the  product 
of  the  electric  furnace  runs  remarkably  uniform,  and  further 
that  at  small  cost  the  iron  or  steel  can  be  kept  in  a  molten  con- 
dition and  treated  until  the  desired  chemical  analysis  is  obtained. 

Another  very  important  feature,  is  that,  the  chilling  of  the 
furnace  is  not  a  serious  matter.  Should  the  furnace  chill,  the 
current  can  be  turned  on  the  solid  mass  and  in  a  few  hours  is 
remelted.  The  chilling  of  the  present  type  of  furnace,  usually 
means  quite  a  serious  loss. 

J.  J.  Frank:  I  had  occasion  during  the  last  week  to  visit  one 
of  the  large  steel  manufacturing  companies,  and  I  saw  an  arc 
furnace  and  discussed  it  with  one  of  the  attendants,  and  he 
remarked  that  the  handling  of  the  electrode  is  one  of  the  most 
difficult  things.  It  was  a  Heroult  furnace.  When  the  carbon 
drops  oflE  into  the  bath,  it  of  course  affects  the  chemical  analysis. 
The  attendant  also  told  me  that  while  the  steel  produced  met 
the  chemical  analysis,  it  did  not  always  live  up  to  the  same 
physical  requirements;  that  is,  the  results  vary. 

I  am  a  little  familiar  with  the  induction  type  furnace,  and  I 
would  like  to  add  to  the  remarks  of  the  author  by  saying  that 
there  is  a  type  of  induction  f iirnace  in  which  the  primary  winding 
is  a  hollow  tube.  This  primary  is  supplied  with  current  from  a 
transformer  stepping  it  down  from  10,000  volts  or  any  other  volt- 
age which  may  be  available.  Water  flowing  in  this  copper  tube 
keeps  it  cool,  so  a  very  high  current  density  is  possible,  and  it 
will  influence  the  operation  of  the  transformer  because  of  its 
increased  weight.    One  of  the  objections  to  the  arc  furnace, 
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whether  it  is  the  Heroult  or  any  other  furnace,  is  the  heat  from 
the  fiimace  affects  the  reliability  of  the  induction  motor  operating 
the  electrodes.  At  first  glance,  that  is  not  very  important,  but 
when  you  consider  that  any  fumes  which  pass  off  natiu-ally  ascend 
and  if  the  induction  motors  are  directly  over  the  fiunace  the 
fumes  will  influence  the  insulation  and  the  action  of  the  induction 
motors,  it  is  more  important;  and  that,  I  believe,  is  one  of  the 
serious  problems  in  the  construction  of  these  arc  furnaces ;  namely, 
to  take  care  of  and  protect  the  induction  motors  from  these 
fumes. 

Another  problem  is  the  installation  of  the  induction  motors 
and  the  gearing  that  is  necessary.  The  induction  motor  must  be 
clamped  directly  to  the  electrodes,  and  that  must  be  the  po- 
tential of  the  fiUTiace.  Another  objection  is,  in  an  arc  furnace, 
the  arc  may  create  high  frequencies,  which  being  transformed 
to  the  high  potential  side  of  the  transformer,  affect  the  operation 
and  may  disturb  the  whole  system  so  that  it  may  induce  stresses 
in  the  transformer  which  cannot  be  foreseen  until  the  operation 
is  begim. 

H.  H.  Sinclair:  Are  the  fiunaces  mentioned  treating  pig 
iron  into  steel?  I  had  the  impression,  and  I  would  like  to  ask 
Mr.  Van  Norden  if  it  is  not  true  that  in  the  works  of  the  Noble 
Steel  Company,  they  were  treating  iron  ore  and  converting  it 
into  pig  iron. 

R.  W.  Van  Norden:  There  is  no  attempt  to  refine  the  iron. 
Pig  iron  only  is  made  from  iron  ore. 

H.  H.  Sinclair:  What  type  of  iron  ores  do  they  get,  magnetic 
ore  or  one  of  the  others? 

R.  W.  Van  Norden:  It  has  a  high  percentage  of  iron,  about 
seventy  per  cent. 

H.  H.  Sinclair:  I  think  that  they  treat  a  magnetite  ore  in 
Shasta  County. 

J.  J.  Frank:  With  the  induction  type  of  furnace  it  is  possible, 
as  I  stated,  to  use  a  transformer  scaling  down  from  any  high 
voltage  to  the  primary  of  the  furnace  and  that  primary  charge 
might  be  a  very  minor  one  and  is  copper  through  which  water 
circulates  and  the  insulation  is  just  rubber  hose.  The  problem 
there  is  a  very  simple  one. 

Another  point  raised  here  is  the  variation  of  the  voltage.  That 
may  be  very  readily  done  in  the  induction  type  by  an  ordinary 
regulator.  It  would  make  it  very  easy  to  regulate  and  momen- 
tarily give  200  per  cent  overload  current  if  it  was  desired  to  very 
rapidly  heat  the  charge. 

R.  W.  Sorensen:  In  connection  with  this  kind  of  work  I  be- 
lieve there  is  one  feature  the  effect  of  such  a  load  upon  the 
supply  source  which  must  be  carefully  considered.  The  author 
states  that  a  better  load  is  put  upon  the  line  when  the  induction 
furnace  rather  than  a  furnace  of  the  electrode  type  is  used,  but 
has  not  called  attention  to  the  fact  that  with  the  use  of  the 
electrode  type  of  furnace  it  is  impossible  to  balance  the  poly- 
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phase  power  line  except  by  means  of  a  motor-generator  set  which 
changes  the  polyphase  current  to  either  single  phase  alternating, 
or  direct  current;  because  of  that  old  rule  "  a  single  phase  current 
pulsating  power  cannot  be  turned  into  an  equivalent  polyphase 
current,  or  vice  versa,  without  some  rotating  devise  which  will 
balance  the  transfer  of  energy.'* 

Another  point  in  favor  of  the  induction  type  of  furnace  is  that 
there  is  less  liable  to  be  such  rapid  fluctuation  of  current  as  will 
probably  occur  with  the  electrode  type  when  there  is  any  change 
in  position  of  electrodes  or  in  the  conducting  property  of  the 
charge.  Suppose  your  electrode  moves  slightly.  If  you  have, 
as  the  author  states,  6200  amperes,  for  instance,  and  the  voltage 
produced  by  the  varying  of  that  current  is  anything  like  what 
we  have  with  transmission  lines  or  was  mentioned  a  few  moments 
ago,  viz.,  200  times  the  current  interrupted,  you  would  have  a 
tremendous  amount  of  power  that  would  have  to  be  taken  care 
of  somewhere.  Now  suppose  your  current  varies  bvft  ten  per 
cent,  that  would  still  leave  you  something  over  a  hundred 
thousand  volts  to  be  taken  care  of  in  what  is  probably  a  low 
voltage  system.  Of  cotirse,  it  is  very  probable  that  the  voltage 
variation  in  the  supply  transformer  will  not  be  anything  like  the 
voltage  thus  induced  on  a  line  but  on  the  other  hand  it  may  be 
more.  Just  what  law  this  would  follow  I  don't  know,  but  I  am 
quite  sure  that  a  transformer  for  this  kind  of  service  should  be 
made  especially  for  this  service  because  if  these  larger  variations 
take  effect  on  transmission  lines,  a  certain  percentage  of  that 
voltage  variation  must  take  place  where  you  have  magnetic 
circuit  in  the  transformer,  so  if  you  are  going  to  use  transformers, 
for  such  service,  special  care  should  be  exercised  or  you  will  have 
trouble  with  your  transformers  supplying  to  electrodes  such 
large  current  as  6200  amperes. 

C.  W.  Koiner:  In  addition  to  what  Professor  Sorensen  has 
just  stated,  I  would  add  that  these  furnaces  operate  to  give  the 
companies  additional  field  in  which  to  sell  current.  In  1904, 
we  are  told  there  were  only  four  electric  furnaces  in  existence, 
and  they  were  in  Europe.  Today  we  have  over  one  hundred, 
ranging  in  size  from  100  lb.  to  15  tons.  These  are  used  in 
this  country  and  in  Etu^ope.  There  has  been  a  furnace  in  opera- 
tion in  South  Chicago  for  the  past  year  or  so  and  I  understand 
it  gives  very  good  results.  We  are  also  told  that  current  is 
now  being  sold  at  off -take  periods  for  the  refining  of  steel  at  a 
cost  of  about  one  cent  per  kw-hr.  This  has  been  going  on  for 
about  a  year.  The  cost  is  very  reasonable  when  you  consider 
it  in  comparison  with  the  cost  in  refining  operations. 

Budd  Frankenfield:  It  seems  to  me  we  along  the  Coast  here 
should  be  especially  interested  in  electric  furnaces,  not  for  the 
smelting  of  steel  particularly,  but  electric  furnaces  in  general. 
I  would  not  regard  it  as  an  off -take  proposition,  because  in  furnace 
industries  such  as  we  have  at  Niagara,  they  operate  twenty- 
four  hours  in  the  day.  They  have  a  large  enough  load  factor  to 
keep  up  a  continuous  demand  for  current. 
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Another  thing  is  the  large  amount  of  power  that  can  be  used 
by  these  furnaces.  For  instance,  it  would  not  take  a  very  large 
plant  in  some  electrochemical  or  electric  furnace  industry 
to  use  the  entire  Owens  River  power  which  we  expect  here,  to 
found  an  industry  and  employ  men,  instead  of  spending  a  great 
deal  of  money  for  a  general  distribution  system.  I  have  no  doubt 
there  are  plenty  of  raw  materials  on  the  Pacific  Coast  to  be 
utilized  in  making  furnace  industries,  such  as  are  in  existence 
in  Europe,  a  good  proposition  and  a  success. 

C.  H.  Vom  Baur:  The  Kjellin  induction  furnaces  being  put 
out  today  are  chiefly  of  the  small,  laboratory  sizes,  as  the  Roch- 
ling-Rodenhauser  electric  induction  furnaces  have  three  distinct 
advantages  over  the  Kjellin,  which  give  it  undoubted  preference 
as  follows: 

1.  It  operates  on  polyphase  current  and  in  the  one  and  two- 
ton  sizes  at  50  or  60  cycles  with  a  power  factor  of  0.7  to  0.8. 


Fig.  1 


Fig.  2 


2.  Owing  to  the  different  shaped  hearth,  that  is,  having  two 
or  three  intersecting  circuits  making  a  large  hearth  in  the 
center,  as  shown  in  .figs.  1  and  2  herewith,  and  on  account  of  the 
auxiliary,  secondary  current  which  is  usually  30  per  cent  of  the 
whole,  which  also  goes  through  the  bath,  the  so-called  **  pinch 
effect  '*  or  interruption  of  the  circuit  is  absolutely  precluded. 
This  was  one  of  the  greatest  disadvantages  of  the  Kjellin  furnace. 

3.  The  larger  hearth  thus  made  allows  a  rapid  refining  of  steel. 
One  of  the  greatest  advantages  of  the  induction  furnace  not 

mentioned  by  Mr.  Elwell  is  its  aptitude  for  thorough  deoxida- 
tion  of  the  metal  and  absence  of  segregation. 

Relative  to  the  magnesite  lining,  improvements  have  lately 
been  made  so  that  this  now  lasts  three  weeks  instead  of  two 
weeks  as  formerly. 

One  of  the  metallurgical  features,  not  mentioned,  which  is  of 
some  moment  as  it  saves  time,  is  that  the  power  and  thence  the 
maximum  heat  remains  on  the  furnace  when  rabbling  off  the 
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slag.    In  an  arc  furnace  the  carbons  have  to  be  withdrawn  for 
this  operation. 

As  Mr.  El  well  assumes  that  current  is  made  for  $20  a  kw-yr., 
it  is  hardly  possible  that  current  would  be  used  all  the  time  and 
the  practical  probability  is  that  the  current  would  be  in  use  not^ 
over  J  or  f  of  the  time,  costing  therefore  33  or  50  per  cent  more 
per  b«r-hr.  It  would  perhaps  have  been  better  if  Mr.  Elwell 
had  also  added  the  cost  of  the  usual  ferro  alloys  and  fluxes,  such 
as  lime,  roll-scale,  etc.,  to  the  conversion  cost  for  the  sake  of 
completeness.  These  fluxes  and  additions  usually  cost  from  60 
cents  to  $1  per  ton. 

The  summary  of  costs  of  production  inclusive  of  fluxes,  taken 
at  $1,  and  allowing  for  actual  cost  of  electricity,  at  50  per  cent 
increase,  would  more  nearly  be  as  follows: 

1.5- ton  furnace  melting  scrap  and  refining  to  pour  high  grade 

steel  for  castings.     Per  ton $9.61 

2- ton  furnace  refining  molten  converter  steel  to  high  grade  steel. 

Per  ton 4.22 

5-ton  furnace  refining  molten  converter  steel  to  high  grade  steel. 

Per  ton 3.49 

7- ton  furnace  refining  molten  converter  steel  to  high  grade  steel. 

Per  ton 3. 18 

7- ton  furnace  refining  molten  converter  steel  to  high  grade  rails. 

Per  ton 2.39 

C.  F.  Elwell:  The  efficiency  of  97  per  cent  refers  to  the  elec- 
trical efiiciency  of  the  transformer.  The  core  is  built  up  of 
slightly  heavier  iron  than  usual  and  these  laminations  are 
separated  by  sheets  of  India  paper.  The  core  and  copper  loss 
in  the  primary  is  under  these  circumstances  about  3  per  cent. 
Similar  electrical  losses,  not  radiation  losses,  in  the  arc  furnace 
are  very  much  greater.  The  high  resistance  carbon  electrodes 
dissipate  a  large  amount  of  energy.  It  is  true  that  the  radia- 
tion loss  is  high  as  evidenced  by  the  amount  of  power  necessary 
to  keep  the  furnace  from  freezing  over  a  period  of  rest.  The 
arc  furnace  is  notorious  for  its  radiation  for  in  my  experience  it 
was  very  difficult  to  keep  a  top  on  one,  and  without  a  top  the 
heat  in  the  furnace  room  was  unbearable.  One  point  in  favor 
of  the  Rochling  Rodenhauser  furnace  is  that  most  of  the  bath 
can  be  well  covered  to  prevent  radiation  as  it  is  unnecessary  to 
remove  the  covers  except  for  relining. 

In  reply  to  Mr.  Sinclair,  the  iron  ore  in  Shasta  county  has  an 
analysis  as  follows:  Fe  69.9  per  cent;  Fe304  89.4  per  cent; 
FcjO,  0.3  per  cent;  Mn  0  0.18  per  cent;  MgOO.3  per  cent; 
SiOj  2.4  per  cent;  P  0.011  per  cent;  S  0.009  per  cent. 

Considerable  pig  iron  has  been  made  but  as  yet  the  furnace 
does  not  last  long  enough  to  bring  the  cost  per  ton  for  furnace 
relining  to  a  reasonable  figure. 

Professor  Sorensen  sounds  a  note  of  warning  which  it  might 
be  well  to  heed  even  if  some  of  us  have  had  no  trouble  from  this 
source.  I  have  had  experience  with  22,000  amperes  and  the 
whole  load  has  been  dropped  suddenly  many  times  but  no  ill 
effects  have  been  noticed  in  the  transformers. 
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CISOIDAL  OSCILLATIONS 


BY  GEORGE  A.   CAMPBELL 


The  oscillations  here  defined  as  "  cisoidal  oscillations  "  are 
those  of  the  form 

Ccis  pl^C  (cos  pt+i  sin  pt)  =  Ce'^'  (1) 

where  /  is  the  time,  e  the  Napierian  base,  i  =  V  —  I  the  imaginary 
symbol,'  and  cis  an  abbreviation  for  the  complete  trigonometric 
expression.  The  constants  C  and  p  may  be  any  scalar  quantities, 
either  real  or  complex.  The  oscillations  are  sustained,  logarith- 
mically damped  or  aperiodic,  according  as  the  time  coefficient  p 
is  real,  complex,  or  pure  imaginary.  The  following  discussion 
will,  in  general,  apply  indifferently  to  all  three  cases. 

The  use  of  the  term  "  cisoidal  oscillations  **  emphasizes  the 
distinctive  character  of  the  subject,  while  tending  to  keep  in 
mind  the  close  connection  between  these  oscillations  and  sinu- 
soidal oscillations.  The  fact  that  one  of  the  algebraic  curves  is 
called  a  '*  cissoid  "  can  hardly  lead  to  confusion. 

The  practical  importance  of  cisoidal  oscillations  rests  upon 
the  following  properties: 

1.  In  all  cases  where  the  principle  of  superposition  holds,  any 

1.  The  use  of  i  (or  Greek  t)  for  the  imaginary  symbol  is  nearly  universal 
in  mathematical  work,  which  is  a  very  strong  reason  for  retaining  it  in 
the  applications  of  mathematics  in  electrical  engineering.  Aside,  how- 
ever, from  the  matter  of  established  conventions  and  facility  of  reference 
to  mathematical  literature,  the  substitution  of  the  symbol  j  is  objection- 
able because  of  the  vector  terminology  with  which  it  has  become  asso- 
ciated in  engineering  literature,  and  also  because  of  the  confusion  resulting 
from  the  divided  practice  of  engineering  writers,  some  using  j  for  +*  and 
others  using  j  for  —  ». 
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oscillation  may  be  regarded  as  a  compound  cisoidal  oscillation, 
i.e.,  the  algebraic  summation  of  simple  cisoidal  oscillations. 

2.  Cisoidal  oscillations  are  uniquely  simple  because  the  ratio 
of  the  instantaneous  electromotive  force  to  the  instantaneous 
current  is  not  a  function  of  the  time. 

3.  Cisoidal  oscillations  involve  scalar  magnitudes  only  so  that 
all  algebraical  relations  and  operations  applying  to  the  real 
physical  phenomena  may  be  extended  to  them. 

4.  The  solution  for  cisoidal  oscillations  in  any  finite  network 
may  be  written  down  directly,. without  solving  differential  equa- 
tions or  the  use  of  integration  or  differentiation. 

Scalar  Character  of  Cisoidal  Oscillations 
As  complex  quantities  and  exponential  functions  of  complex 
quantities  follow  the  laws  of  ordinary  algebra,  they  introduce 
scalar  quantities  and  not  vector  quantities.  This  is  a  matter 
of  great  importance,  since  ordinary  algebra  is  simpler  than  vector 
algebra.  The  wide-spread  use  of  the  term  **vector"  in  connection 
with  complex  quantities  in  alternating  current  theory  is  unfor- 
tunate for  it  is  logically  incorrect,  and  so  has  led  to  confusion, 
and  it  also  tends  to  divert  attention  from  the  algebraical  theory 
of  complex  quantities,  which  is  of  great  practical  assistance  in  the 
treatment  of  cisoidal  oscillations. 

When  the  direction  of  a  current  is  confined  to  one  or  the  other 
of  two  opposite  directions  by  the  use  of  a  linear  conductor,  we 
can  vary  its  scalar  magnitude  only;  it  is  no  more  correct  to 
speak  of  representing  this  scalar  quantity  by  a  vector  when  it  is 
complex  than  when  it  is  real.  It  is  only  when  the  electrical 
phenomena  takes  place  in  two  or  three  dimensions  in  space  that 
vector  variables  are  involved  in  the  mathematical  treatment. 

With  complex  quantities  the  power  continues  to  be  the  pro- 
duct of  electromotive  force  and  current.  A  steady  imaginary 
current  flowing  through  a  resistance,  therefore,  dissipates  nega- 
tive real  power,  that  is,  energy  is  absorbed  by  the  electrical  phe- 
nomena taking  place,  which  tends  to  cool  the  conductor.  Simi- 
larly the  magnitudes  of  the  kinetic  energy  of  an  inductance  and 
the  potential  energy  of  a  condenser  are  real  negative  quantities  in 
case  the  instantaneous  current  and  potential  are  pure  imaginary. 
As  the  power  with  complex  quantities  may  be  either  positive  or 
negative,  or  in  general  have  any  argument,  the  total  power  in  a 
portion  of  a  network,  such  as  two  or  more  resistances,  may 
vanish  because  the  several  powers  in  the  individual  elements 
mutually  cancel  when  added  together. 
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If  the  current  and  electromotive  force  are  each  cisoidal  the 
associated  power  is  also  cisoidal  with  a  time  coefficient  equal  to 
the  algebraical  sum  of  the  time  coefficients  of  the  electromotive 
force  and  current;  when  these  two  coefficients  are  equal  and 
opposite  in  sign  the  power  is  constant  with  respect  to  the  time. 

We  might  have  defined  the  cisoidal  oscillation  using  through- 
out —  i  in  place  of  i,  which  would  change  all  quantities,  in- 
cluding the  impedances,  to  their  conjugates.  But  we  follow, 
of  course,  the  general  practice  of  taking  positive  quantities  as 
the  norm,  in  consequence  of  which  the  sign  for  inductive  reac- 
tances is  positive,  and  the  sign  for  capacity  reactances  is  nega- 
tive. 

Correlated  Oscillations 

The  complete  formal  solution  of  a  sinusoidal  alternating 
current  problem  by  the  aid  of  complex  quantities  involves  the 
following  steps: 

1.  Resolution  of  the  periodic  data  into  the  sum  of  cisoidal 
oscillations  having  the  time  factors  cis  (+/>/)  and  cis  (—  pi), 

2.  Solution  of  the  problem  for  the  cis  (+/>/)  component  taken 
alone;  the  solution  for  the  cis  (—  pt)  component  is  then  ob- 
tained directly  from  this  by  changing  all  complex  quantities  to 
their  conjugates. 

3.  Superposition  of  these  two  cisoidal  solutions  to  obtain  the 
real  physical  oscillation. 

It  is  however  not  necessary  to  carry  through  the  formal  proof 
in  individual  cases,  this  being  replaced  by  the  following  correla- 
tion between  the  real  and  the  complex  oscillations. 

//  throughout  any  invariable  network  a  cisoidal  oscillation  and  a 
cosinusoidal  oscillation  {all  of  one  time  coefficient  p)  have  electro- 
motive  forces  and  currents  of  the  same  effective  values  {moduli) 
and  angles  {arguments),  they  will  be  called  correlated  oscillations. 

The  alternating  powers  involved  throughout  correlated  oscillations 
are  equal  to  each  other  as  regards  amplitudes  {moduli)  and 
angles  {arguments)',  the  cosinusoidal  oscillation  having  also  non- 
alternating  power  components  which  are  equal,  as  regards  ampli- 
tudes {moduli)  and  phase  angles  {arguments) ,  to  the  powers  which 
would  be  associated  with  the  correlated  cisoidal  electromotive  forces 
taken  with  the  conjugates  of  the  correlated  cisoidal  currents. 

Or  in  other  words: 

The  instantaneous  cosinusoidal  electromotive  forces  and  currents 
are  the  real  components  of  the  correlated  cisoidal  electromotive 
forces  and  currents  multiplied  by  the  factor  \/2. 
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The  instantaneous  powers  involved  in  a  cosinusoidal  oscillation 
are  equal  to  the  real  components  of  the  cisoidal  powers  in  the 
correlated  cisoidal  oscillation,  augmented  by  the  real  components  of 
the  powers  involved  in  the  correlated  cisoidal  oscillation  after  chang- 
ing the  currents  (or  electromotive  forces)  to  their  conjugates. 

In  the  typical  notation  the  correlated  oscillations  thus  defined 
have,  if  p  =  pi+pti 


Instan- 
taneous 


e.m.f. 
current 

power 
impedance 


Cis- 
oidal 


/ 


Cosinusoidal 


\/2\E\e-f^^  cos  (pi  t+argE) 

V2  l/je-"*'  cos(/>,  t+arg  I)  (2) 

|£/|g-2/>,/  [co^(2p,t+arg(EI))+cosarg  ~1 

E^  cos  (p,t-{-argE) 
A   cos  (Pxt-\-arg  I) 


In  much  of  the  actual  algebraical  work  connected  with  cisoidal 
oscillations,  we  may  drop  the  time  factors  e*^^  and  f*'^'  and  write 
only  Ey  I  and  EI  (or  P  =  E  I)  with  considerable  resulting  sim- 
plification and  no  liability  of  introducing  confusion. 

It  is  to  be  particularly  noted  that  the  magnitudes  which  are 
equal  to  the  corresponding  cisoidal  moduli  are  the  effective 
values  of  the  cosinusoidal  electromotive  forces  or  currents  and 
the  amplitudes  of  the  cosinusoidal  power  components.  On  the 
other  hand,  the  cisoidal  arguments  are  uniformly  equal  to  the 
corresponding  real  angles,  this  angle  reducing  for  the  non- 
oscillatory  cosinusoidal  power  component  to  the  constant  angle 
of  lag  or  lead. 

The  preceding  statements  supply  the  working  rules  for  making 
the  change  from  the  real  physical  cosinusoidal  oscillation  to  the 
ideal  cisoidal  oscillation  and  vice  versa.  This  connection  is, 
as  regards  electromotive  force  and  current,  one  of  mutual  re- 
solvability  as  is  expressed  by  the  following  formulae : 

V^lCle-^^'cos  (pit+arg  C)  =  -J,_  Ce^f'  +T7"  ^'  ^"''"* 


C  e'p^  =  -l-r\/2|Cl e-P*  cos  C/>i  t-Varg  C)] 


(3) 


-^\y-m 


e-^^  cos  (p\  t+arg  C  — 


)] 
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the  first  giving  the  cosinuSoid  in  terms  of  the  correlated  cisoid 
and  its  conjugate  cisoid,  the  second  giving  the  cisoid  in  terms  of 
the  correlated  cosinusoid  and  the  consinusoid  with  its  phase 
retarded  90  degrees.  On  account  of  this  mutual  resolvability 
either  the  cisoidal  oscillation  or  the  cosinusoidal  oscillation 
may  be  regarded  as  being  obtained  by  summation  from  the 
other. 

If  any  particular  cisoidal  or  cosinusoidal  oscillation  is  possible 
the  correlated  oscillation  is  also  possible. 

It  is  somewhat  arbitrary  as  to  the  exact  functions  which  we 
define  as  correlated  oscillations.  The  sine  might  have  been 
taken  in  place  of  the  cosine  and  the  amplitudes  in  place  of  the 
effective  values,  but  on  the  whole  these  alternatives  do  not  seem 
to  afford  quite  the  same  convenience,  but  only  because  the  state- 
ments become  slightly  more  involved.  We  shall  however 
continue  to  use  the  term  "  sinusoid  '*  as  the  general  designation 
for  the  sine  function  having  any  arbitrary  phase  angle  including 
thereby  the  cosine  function.  ,    • 

The  correlation  between  the  sinusoidal  oscillations  and  cisoidal 
oscillations  is  so  simple  that  it  is  not  ordinarily  necessary  to 
indicate  the  step  from  one  to  the  other  in  special  applications  of 
the  method.  But  this  omission  has  led  to  the  cisoidal  solution 
being  in  some  way  regarded  as  representing  the  actual  sinusoidal 
oscillation,  which  is  not  the  case  as  is  very  clearly  shown  by  the 
power  relations.  It  is  therefore  necessary  to  lay  emphasis  upon 
the  fact  that  the  use  of  complex  quantities  affords  an  indirect 
method,  and  not  a  symbolic  method  of  solving  real  cases  of 
oscillations  and  that  the  complete  application  of  the  method 
involves  an  initial  algebraical  resolution  of  the  real  data  and  a 
final  algebraical  summation  of  the  complex  results  as  an  essential 
and  integral  part  of  the  method. 

General  Equations  for  any  Network 

In  any  invariable  network  the  actual  distribution  of  current  due 

to  any  impressed  electromotive  forces  is  such  as  to  make  the  power 

dissipated  assume  the  stationary  value^  which  is  consistent  with  the 

conditions  imposed  by  current  continuity  and  the  conservation  of 

2.  A  function  assumes  a  stationary  value  when  it  is  not  altered  by  any 
possible  infinitesimal  change  in  the  system  of  variables  upon  which  it 
depends;  the  first  derivatives  of  the  function,  with  respect  to  each  of  a  set 
of  independent  variables  is  zero  at  a  stationary  value.  Stationary  is 
thus  a  generalization  of  maximum,  minimum  and  point  of  inflection,  but 
without  any  implication  beyond  the  vanishing  gradient. 
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energy.  The  theorem  assumes  that  each  branch  or  circuit 
contains  resistance,  a  condition  which  corresponds  to  the  physical 
fact  and  involves  no  theoretical  limitation  as  the  resistances  may 
be  as  small  as  desired,  or  any  number  of  the  resistances  may  be 
allowed  to  vanish  completely  after  playing  their  part  in  the  form- 
ation of  the  general  solution. 

This  theorem  may  be  established  directly  from  the  principles 
of  dynamics,  but  we  will  here  show  that  it  is  the  equivalent  of 
the  generalized  Kirchhoff  equations. 

The  condition  imposed  by  the  conservation  of  energy  may  be 
expressed  in  the  form  of  the  equation  of  activity  by  equating  the 
total  power  supplied  by  the  impressed  forces  to  the  sum  of  the 
powers  taken  separately  by  the  resistances  (including  con- 
ductances), self -inductances,  mutual  inductances  and  capacities. 
That  is 


+2M'-^+*'-^')+2->^'  (" 


yiqjiqdi 


The  condition  of  continuity  may  be  introduced  by  expressing 
the  currents  in  terms  of  any  set  of  independent,  circuital  currents 
Ci,  ^2,  .  .  .  Cn,  where  n  is  the  number  of  degrees  of  freedom  of 
the  network.     This  gives  one  equation  for  each  of  the  /  branches 

iq=^aqiCi+aq2Ct+    .    .    .  a^nCn  (ff=l,  2   .    .    .  /)     (5) 

where  the  coefficient  aqs^  ±1  or  0,  according  as  branch  q  is  or  is 
not  a  part  of  circuit  5,  the  sign  in  the  first  case  being  positive, 
or  negative,  according  as  the  positive  direction  for  the  branch  and 
for  the  circuit  are  or  are  not  concurrent. 

The  power  dissipated  ^Rq  iq^  is  a  homogeneous  expression  of 
the  second  order  in  terms  of  the  n  independent  circuital  cturents, 
while  the  remainder  of  equation  (4)  is  of  the  first  degree  in  these 
currents.  The  stationary  value  for  the  power  dissipated  under 
the  assumed  conditions  will  therefore  be  found  by  first  introduc- 
ing the  multiplier  ^  as  a  coefficient  for  XRq  iq^  and  then  dif- 
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ferentiating  (4)  with  respect  to  Cs*  which  gives  the  following  set 
of  n  equations: 

The  set  of  equations  (6)  is  identical  with  the  generalized 
Kirchhoff  equations  of  electromotive  force  for  the  n  circuits  taken 
in  the  positive  direction  for  the  currents  Csy  since  the  coefficients 
aqs  and  ars  provide  the  proper  sign  for  each  effective  electromotive 
force  occurring  in  these  circuits  and  exclude  all  electromotive 
forces  not  occurring  in  the  several  circuits.  The  Kirchhoff  laws 
and  the  above  condition  of  stationary  dissipation  are  therefore 
mutually  equivalent. 

In  subsequent  work  it  will  be  more  convenient  to  merge  the 
conditions  of  continuity  in  the  equation  of  activity  (4)  than 
to  use  separate  equations  such  as  (6)  to  cover  these  conditions. 
This  may  be  accomplished  either  by  reducing  the  currents  ap- 
pearing in  the  equation  of  activity  to  a  number  equal  to  and  so 
chosen  as  to  correspond  with  the  degrees  of  freedom  of  the  net- 
work, or  by  adding  fictitious  currents  which  correspond  to  the 
significant  branch  points;  i.e.,  points,  in  excess  of  one  in  each 
connected  part  of  the  system,  at  which  three  or  more  branches 
meet.  Their  number  being  w,  the  number  of  branches  (in- 
cluding each  isolated  closed  circuit  as  a  branch)  being  /,  and  the 
degrees  of  freedom  being   n,  the  relation  holds,  n  =  l—m, 

*To  prove  this  rule  let  f-m'^  Fm+n  *  Fn,  (where  Fm  and  Fn  are 
homogeneous  functions  of  x,  y,  «,  .  .  .  of  order  m  and  n)  be  given  its 
stationary  value,  which  requires  Dxf^Dyf  —  Daf—  .  ,  .  =0.  The 
sum  of  the  differential  coefficients  multiplied  in  order  by  x,  y,  t,  .  ,  , 
consequently  vanishes,  that  is, 

xDxf+yDyf-^zDnf-^   .    .    .    «0,  or 

mHxDxFn,-\-yDyFm+   .    .     l+n'Mx  D;,  F«+y  i?y  ^i.+  .  .  •  1=0. 

By  the  elementary  property  of  homogeneous  functions  the  bracketed 
expressions  are  equal  to  m  Fm  and  n  Fn  so  that  the  relation  Fm+^n  -0  is 
satisfied  at  the  stationary  value  of  /.  This  relation  may  be  considered 
as  a  prescribed  condition  without  having  any  effect  on  the  final  stationary 
result,  but  we  could  then  eliminate  Fm  from  the  original  expression  for  / 
and  write /=(n*' — w  *)  Fm  whence  the  stationary  value  of  F«,  with  the 
condition  Fm-\-Fn=0,  corresponds  to  the  unconditioned  stationary  value 
of  /.     The  application  in  the  paper  is  for  m  =  1,  «  =  2  and  /  -  Fi  -h  J  Fj. 
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The  first  transformation  is  accomplished  by  replacing  the 
branch  currents  ig  in  (4)  by  circuital  currents  such  as  Cs  by  the 
aid  of  such  equations  as  (6).  Rearranging  the  terms  the  form 
of  the  equation  of  activity  may  still  be  kept  the  same  as  in  (4), 
but  all  quantities,  e,  i,  R,  L,  Af ,  C  now  refer  to  complete  circuits 
and  not  to  individual  branches. 

The  second  transformation  follows  from  the  identity  of  the  con- 
dition of  continuity  for  currents  converging  on  branch  point  f, 

ipf  =  Mfiii  +  Mftii+  .  .  .  Mfrir  .  ,  .  +A///i/  =  0,        (7) 
A//r=  ±1  or  0.     /=(/+!,   .    .    .  l+m)* 

with  the  condition  that  a  fictitious  circuit  devoid  of  resistance, 
inductance,  and  capacity  can  experience  no  resultant  electro- 
motive force  whatever  be  the  currents  flowing  in  the  bran- 
ches 1,2,  .  .  .  r  .  .  .  /  with  which  it  has  mutual  induct- 
ances Mfu  Mft,  .  .  .  Mfr  .  .  ,  Mfi,  This  physical 
consideration  shows  that  the  conditions  of  continuity  will 
be  included  in  (4)  by  extending  the  summation  to  cover 
fictitious  circuits  devoid  of  resistance,  etc.,  and  with  zero  mutual 
inductances  between  each  other  and  all  real  branches  excepting 
only  Mff  =  ±  1  when  the  real  branch  r  terminates  in  the  branch 
point  /,  the  sign  being  positive  or  negative  at  the  positive  or 
negative  end  of  the  branch  respectively. 

To  prove  the  same  analytically  we  multiply  each  equation  of 
(7)  by  if,  take  their  sum,  differentiate  with  respect  to  /  and  add 
this  expression,  which  we  may  denote  by 


75  = 


^    'SZi.  ..         d 


:,  2'"^'- :  22*""-"' 


to  (4),  which  is  permissible  since  B  must  be  equal  to  zero.  On 
differentiating  (4)  (with  multiplier  \  added  to  IRgig^)  with 
respect   to   the  real  current  t^,   B  introduces  the  new   terms 

2(ljf     d<Pf 
_  to  (8)^     and  these  are  precisely  the  additional 

terms  required  by  the  conditions  of  continuity,  since  —-rj-  plays 

the  part  of  an  undetermined  multiplier.     Again  differentiation 


*These  m  fictitious  circuits  are  numbered  in  sequence  with  the  /  real 
branches  so  as  to  make  it  possible  to  employ  throughout  the  same  nota- 
tion for  circuit  constants  and  currents,  »w.,  Rf,  if,  etc. 
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d 
with  respect  to  the  fictitious  ctirrent  if  gives   -j-  ^/  =  0  or  ^/  =  0, 

the  constant  of  integration  being  zero,  as  infinite  energy  in  the 
fictitious  circuits  is  to  be  excluded,  and  these  are  the  equations 
of  continuity  (7).  Thus  after  the  addition  of  B,  equation  (4) 
includes  all  of  the  conditions  of  continuity. 

It  will  be  assumed  in  the  subsequent  work  that  the  network 
under  discussion  has  been  transformed  into  a  set  of  simple  cir- 
cuits, thus  reducing  the  conditional  equations  to  the  equation 
of  activity.  The  coefficients  occurring  in  this  equation  and  the 
number  of  ciu-rents  entering  it  will  depend  upon  the  particular 
choice  of  simple  circuits,  but  the  general  discussion  of  the  net- 
work will  be,  to  a  considerable  extent,  independent  of  the  choice 
of  the  simple  circuit  system.  In  concrete  applications  it  will 
be  advantageous,  in  order  to  have  as  few  variables  as  possible, 
to  use  the  first  of  the  above  transformations,  In  general  work, 
however,  the  second  transformation  presents  the  distinct  ad- 
vantage of  including  all  branches  symmetrically. 

General  Equations  for  Cisoidal  Oscillations 
For  cisoidal  oscillations  the  preceding  theorem  may  be  given 
the  following  still  simpler  form: 

The  activity  of  the  external  sources  of  power  which  produce  a 
steady  cisoidal  oscillation  in  any  invariable  network  assumes  the 
stationary  value  which  is  consistent  with  the  conditions  imposed  by 
current  continuity  and  the  conservation  of  energy. 

With  cisoidal  oscillations  the  differentiations  and  integrations 
indicated  in  the  equation  of  activity  (4)  may  be  carried  out  and 
after  dividing  by  the  common  factor  e^^^^  and  introducing  the 
self  and  mutual  impedances  Zqq(  =  Zq),  Zqr  {Zrq  =  Zqr),  the 
equation  becomes 

q»\  q»\  r>ff«l  q-\     r-1 

The  left-hand  and  the  right-hand  sides  of  this  equation  are 
homogeneous  functions  of  the  first  and  second  orders  in  terms  of 
the  currents.  Comparison  with  the  first  and  second  order  terms 
in  (4)  shows  that  the  right-hand  side  of  equation  (8),  which  is 
the  total  power  taken  by  the  network,  may  be  substituted  in  the 
general  theorem  for  the  power  dissipated.  Or,  since  the  two 
sides  of  equation  (8)  are  always  equal,  the  left-hand  side,  which 
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is  the  power  supplied  by  the  sources,  may  equally  well  be  taken ; 
whence  the  above  theorem  follows. 

Stationary  activity  involves  stationary  driving  point  impedance 
and  the  theorem  might  be  restated  in  terms  of  the  impedances. 

Differentiating  equation  (8)  with  respect  to  each  of  the  n  cur- 
rents (after  introducing  the  multiplier  J  for  the  right-hand  side) 
we  have  for  the  general  equations  determining  the  distribution 
of  current: 

Zn  /l  +  Zi2  /j H-^ln  In^Ei 

Zti  Ii+Ztt  Ii -\-Ztn  /i»=£l 

(9) 

Znl  Il+Znt  It +Zim  /i»  =  JEi» 

The  currents  are  therefore 


'-2 


r-fi 


r-1 

where  A  is  the  determinant  of  the  impedances  occurring  as 
coefficients  of  the  currents  in  (9)  and-4^  (  =  -4  r^)  is  the  co-factor 
of  Z^  in  this  determinant.  Substituting  in  equation  (8),  we 
find  that  the  stationary  power,  that  is  the  power  which  is 
actually  expended  on  the  network,  is 

p-^:y^^E,Er^^^  (10) 


A   ^^^        A 

tf-1    r-1 

where  A,  differs  from  the  determinant  A  only  in  having  each 
element  Zqr  augmented  by  EqEr. 

Self-  and  mutual-admittances  may  be  substituted  for  the  self- 
and  mutual  impedances  in  the  right-hand  side  of  equation  (8), 
the  form  of  the  expression  being  kept  unchanged  by  simul- 
taneously substituting  potential  differences  for  currents.  The 
solution  in  terms  of  the  admittances  will  then  be  obtained  from 
a  determinant  in  which  the  admittances  enter  precisely  as  do 
the  impedances  in  '*  -4  ".  For  certain  problems,  as  will  be 
readily  seen,  the  admittance  determinant  is  much  more  con- 
venient than  the  impedance  determinant.  While  the  im- 
pedance determinant  is  made  the  special  object  of  discussion  in 
the  remainder  of  this  paper,  it  is  to  be  understood  that  cor- 
responding applications  may  be  made  of  the  adntiittance  de- 
terminant. 
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The  Discriminant  of  a  Network 

The  discriminant  A  of  a  network  is  defined  as  the  determinant 
having  the  element  Zq,  in  the  qth  row  and  rth  column;  Zqr  being  the 
mutual  impedance  between  circuits  q  and  r  or  the  self-impedance 
of  circuit  q  when  q^r\the  determinant  to  include  the  self-  and  mutual 
impedances  of  the  system  of  simple  circuits  obtained  by  eliminating 
the  branch  points  by  closing  each  branch  on  itself  and  replacing  each 
branch  paint,  in  excess  of  one  in  each  connected  part  of  the  system, 
by  a  fictitious  circuit  of  zero  self-impedance  connected  by  mutual 
impedances  +i  and  —  i  to  the  several  branches  which  have  their 
positive  or  negative  ends  respectively  at  this  branch  point. 

This  will  be  taken  as  the  normal  form  of  the  discriminant, 
since  it  is  symmetrical  in  terms  of  all  of  the  real  branches  and  real 
closed  circuits  of  the  network.  That  it  is  also  essentially  sym- 
metrical in  all  of  the  branch  points  follows  from  the  fact  that 
the  value  of  the  determinant  is  independent  of  the  choice  of  the 
particular  branch  points  to  be  excluded.  The  discriminant  A 
is  of  fundamental  importance  in  the  discussion  of  the  network 
because  all  effective  impedances  of  the  network  may  be  deter- 
mined directly  from  its  array. 

The  degree  of  A  in  terms  of  the  actual  impedances  of  the  net- 
work is  equal  to  the  number  of  degrees  of  freedom  of  the  network, 
which  is  the  same  as  the  number  of  branches,  reduced  by  the 
number  of  branch  points,  omitting  one  in  each  connected  part  of 
the  system.  The  determinant  A  is  of  the  first  degree  in  each  self- 
impedance,  and  of  the  second  degree  in  each  mutual  impedance 
when  physically  considered,  that  is  when  the  order  of  the  sub- 
scripts is  ignored  {Zr^=Ztr). 

The  co-factor  of  the  product  of  the  elements  located 
at  the  intersection  of  rows  j,  q,  s,  .  .  .  with  columns 
k,  r,  t  .  .  .  respectively  of  determinant  A  will  be  denoted  by 
Ajk.qr.st  .  .  •  ==-4 a*,  where  a  stands  for  the  paired  list  j k  »qr 
.St  .  .  .  Thus  A  has  the  value  A  a  Zjk  Z^  Zst  .  .  .  in  case  all 
other  elements  in  rows  j,g,5,  .  .  .  and  columns  ife,r,/,  .  .  .  are 
replaced  by  zero;  the  arithmetical  value  of  the  co-factor  depends 
only  on  the  choice  of  rows  j,  g,  5,  .  .  .  and  columns  k,  r,  t .  ,  . 
which  occur  in  the  subscript;  its  algebraical  sign  depends 
upon  the  sequence  of  the  rows  and  columns  and  is  changed  by 
each  inversion  of  rows  or  columns.  It  follows  that  if  the  same 
row  or  column  occurs  twice  in  the  subscript  the  value  of  the  co- 
factor  is  zero.  Where  we  have  occasion  to  restore  one  or  more 
rows    and   an   equal   number   of  columns    of    A    to    -4«,   the 
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elements  to  be  removed  from  a  will  be  indicated  as  a  divisor 
of  the  subscript  a.     The  algebraical  value  of  the  expression  -4f. 

ig  uniquely  and  completely  determined  by  canceling  the  de-  - 
nominator  against  a  part  or  the  whole  of  the  numerator,  making 
inversions,  if  necessary,  in  the  numerator  or  denominator;  in  * 
case  the  denominator  cannot  be  entirely  eliminated  by  this 
process  the  symbol  indicates  a  determinant  with  identical  rows  • 
or  columns,  and  it  is  therefore  equal  to  zero.     For  example:       I 

,■4 11.22    =■-   ^12.21    =~  Atu      i4 12. 13  =  0,      -4 12.28    =0,      -4n.22^   =—   A     j 
12  12  '    34  12'-21  I 

I 

2  _  ^   fOif</  =  r 

I  1  if  g  ?^  f 

where  the  differentiations  correspond  to  actual  physical  varia- 
tions in  the  impedances  and  therefore  treat  mutual  impedances 
with  interchanged  subscripts  as  identical. 

By  applying  the  following  rules  the  expanded  expressions  for 
A  and  its  co-factors  may  be  written  down  directly  from  the  simple 
circuit  system  replacing  the  network,  without  reference  to  the 
determinant.  This  method  of  expansion  is  often  more  con- 
venient than  the  use  of  the  ordinary  rules  for  expanding  the 
determinant. 

A  is  the  sum  of  all  possible  products  in  which  each  circuit  is 
represented  either  by  its  self-impedance  or  by  its  mutual  im- 
pedance to  another  circuit,  the  mutual  impedances  occurring, 
however,  in  closed  cycles  of  two  or  more  constituents  only,  so 
that  the  subscripts  may  be  written  km,  m  g,  qti,  .  .  ,  w  k, 
each  cycle  introducing  the  sign-factor  +  or  —  according  as  the 
cycle  contains  an  odd  or  an  even  number  of  terms;  each  cycle  of 
three  or  more  circuits  also  introducing  the  factor  2  to  care  for  the 
alternative  way  of  associating  the  mutual  impedances  and  the 
circuits  of  the  cycle. 

Aqq  is  the  coefficient  of  Zqq  in  -4,  i.e.,  Aqq  is  the  value  taken 
by  A  when  circuit  q  is  removed  from  the  network. 

Aqr  is  the  coefficient  of  Zqr  after  writing  A  in  symmetrical  form 
with  respect  to  Zq,  and  Zrq,  i.e.,  ^^  is  the  value  taken  by  A 
-T-Zqr  if  circuit  q  is  represented  in  each  product  by  the  mutual 
impedance  Zqr^ 
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Effective  Impedances  of  Any  Network 

In  the  theoretical  discussion  of  networks  we  are  concerned 
not  so  much  with  particular  values  of  the  electromotive  forces 
and  currents,  as  with  their  relative  values.  For  this  reason 
the  impedances,  which  are  the  ratios  of  electromotive  forces  to 
currents,  and  the  attenuation  factors,  which  are  either  the  ratios 
of  currents  to  each  other,  or  of  electromotive  forces  to  each  other, 
are  chosen  as  the  immediate  objects  of  investigation. 

Effective  impedances  may  be  defined  in  various  ways,  for 
example  as: 

(  )    potential  of  point  sj  minus  potential  of  point  Sk 
current  at  point  si  ' 

(b\  fi     power  taken  by  any_part  5*  of  network 

product  of  currents  at  points  Sq  and  Sr    ' 

(5  =  1  or  5  for  self  and  mutual  impedances  respectively.) 


{c) 


1     product  of  potential  differences  points  5<,  Su  and  Sy,  Sy, 
S  power  taken  by  any  part  5,  of  network 


(6  =  1  or  J  for  self-  and  mutual  impedances  respectively.) 

(d)  The  impedances  required  to  make  a  normal  type  of  network 

of  the  requisite  number  of  parameters  equivalent  to  the 

given  network  under  specified   conditions  of  operation. 

As  examples  of  the  above  definitions  we  may  instance  the 
following: 

The  mutual  impedance  of  a  transformer  is  the  ratio,  with  sign 
reversed,  of  the  electromotive  force  induced  in  either  winding 
to  the  inducing  current  flowing  in  the  other  winding,  which  falls 
under  definition  (a)  if  the  secondary'  is  first  open-circuited. 

In  discussing  below  the  power  taken  by  the  actual  resistances 
in  a  network  use  is  made  of  definition  (b)  in  formula  (26). 

The  expression,  formula  (10),  for  the  total  power  taken  by  a 
network  in  terms  of  the  impressed  forces,  gives,  on  breaking  up 
the  expression  into  its  individual  terms,  a  set  of  self-impedances 
and  mutual  impedances  defined  in  accordance  with  definition 
ic). 

As  an  example  of  definition  (d)  we  may  take  the  important 
case  where  we  are  concerned  only  with  two  accessible  drcuits  in 
a  network  and  wish  to  replace  the  given  network  by  a  normal  type 
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having  only  the  required  three  complex  parameters.  The  normal 
networks  which  are  ordinarily  employed  are  the  "  T  ",  the  **  11/* 
the  transformer  and  the  artificial  line  and  for  these  the  effective 
impedances  are  given  in  table  I,  together  with  the  simple 
circuit  impedances  which  equal  the  driving  point  imped- 
ance in  either  circuit  Sq  and  Sr  and  the  driving-driven  point  im- 
pedance Sqr  of  a  single  circuit  which  would  give  the  electro- 
motive force -5- current  ratio  actually  obtaining  when  the  electro- 
motive force  is  inserted  in  q  (or  r)  and  the  current  is  measured  in 
r  (or  q),  /«,  Jr,  Jqr  are  called  the  primary,  secondary  and 
mutual  impedances  as  they  correspond  to  the  primary  self- 
inductance,  secondary  self-inductance,  and  mutual  inductance 
following  established  scientific  usage.  This  terminology  is 
employed  throughout  this  paper,  as  its  extension  to  three  or 
more  circuits  is  obvious  and  synunetrical,  and  it  seems  to  be  the 
only  logical  system.  Many  electrical  engineers,  however,  call 
Ilq,  Hr,  Hqr'^  {Hqr  being  taken  with  inductive  reactance)  the 
primary  impedance,  secondary  impedance  and  primary  ad- 
mittance, in  case  the  assumed  ratio  of  turns  is  1  to  1. 

The  table  refers  to  the  general  case  where  the  two  circuits 
are  not  symmetrical,  but  the  formulae  are  in  such  form  as  to 
facilitate  reduction  to  the  special  case  of  symmetrical  circuits. 
In  this  table  different  letters  are  employed  for  the  various 
effective  impedances  thus  somewhat  reducing  the  multiplica- 
tion of  subscripts. 

Elimination  of  Concealed  Circuits 

In  general  we  may  divide  a  network  into  a  concealed  and  an 
accessible  part  and  it  is  convenient  to  eliminate  the  former  from 
explicit  appearance  in  the  impedance  determinant  A  when  we 
are  concerned  only  with  the  effects  which  are  produced  in  the 
accessible  part  of  the  network  due  to  causes  which  are  likewise 
confined  to  this  part  of  the  network. 

Elimination  of  a  group  of  concealed  circuits  (or  of  any  circuits 
which  contain  no  impressed  forces)  from  explicit  appearance  in  A 
is   equivalent   to    the   substitution    of   new   effective   impedances 

AjL 
^""^  Aa 

between  accessible  circuits  q  and  r  where  a,  stands  for  the  pro- 
duct of  the  original  self-impedances  of  the  accessible  circuits. 
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To  prove  this  we  notice  that  the  set  of  Kirchhoflf  electromotive 
force  equations  for  the  concealed  circuits  taken  alone  give 

J    -^  fc  =  any    concealed    circuit 

Ic  =  ~T-^  ^^IrA  ^  ^^       where    j  r  =  any    accessible   circuit 
'^^     r  jTr       "  lx=any  circuit 

which  substituted  in  the  electromotive  force  equation  for  any 
accessible  circuit  q  make  the  new  coefficient  of  Ir  in  this  equation 

after  setting  x^g 

At.     i4«. 
=  -^  =  -^  =  7rf,  as  i4  is  symmetrical.  (12) 

Jim  Am 

/«r  is  thus  the  new  effective  mutual  impedance  (or  self-im- 
pedance if  s  =  r)  between  accessible  circuits  q  and  r. 

In  the  important  case  where  all  but  two  of  the  circuits  are 
eliminated,  we  have 

J  --^"-- 

""*    A 


Jrr^-f"  (13) 


Jar^ 


— i4^ 

Aqq.rr 


And  if  but  one  circuit  q  is  regarded  as  accessible,  the  driving 
point  impedance  of  the  network  to  an  electromotive  force  in- 
serted in  that  circuit,  is 

/«=-/-  ■  (14) 

If  we  eliminate  the  circuits  corresponding  to  all  of  the  branch 
points  and  to  an  equal  number  of  the  branches  which  are  con- 
nected to  these  branch  points  but  do  not  form  any  closed  circuit 
among  themselves,  it  may  be  shown ihat:  i4«  =  1;  the  new  effec- 
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tive  impedances  are  equal  to  sums  and  differences  of  the  original 
impedances  with  coefficients  which  are  0,  ±  1,  or  ±2;  the  circuits 
which  are  not  eliminated  are  eqtial  in  number  to  the  degrees  of 
freedom  of  the  network.  The  case  falls  under  that  directly 
derived  above  by  the  use  of  circuital  ciurents. 

U  Aa  =0  the  method  of  elimination  fails,  which  shows  that 
whenever  fictitious  branch  point  circuits  are  eliminated  at  least 
one  branch  connected  to  each  branch  point  must  be  included 
and  that  the  number  of  closed  circuits  formed  by  the  branches 
must  not  be  greater  than  the  excess  of  eliminated  branches  over 
eliminated  branch  points. 

No  change  is  made  in  the  effective  self-  or  mutual  impedance 
of  an  accessible  circuit  q  by  the  elimination  of  circuits  which  have 
no  mutual  impedance  with  circuit  g.     That  is  -4^  =Zqr  A  a  since 

the  added  q  row  has  but  one  term  Z^  which  differs  from 
zero. 

A  concealed  branch  of  admittance  Y  which  is  free  from  mutual 
impedances  may  be  eliminated  by  adding  Y  to  each  of  the  two  self- 
impedances  and  subtracting  Y  from  the  mutual  impedance  of  the 
two  fictitious  circuits  which  replace  the  terminal  branch  points  of 
the  concealed  branch.  Any  number  of  concealed  branches  may  be 
eliminated  in  this  way;  the  total  self-impedance  added  to  any 
fictitious  circuit  will  equal  the  total  admittance  of  the  eliminated 
branches  terminating  at  the  corresponding  branch  point;  the 
total  mutual  impedance  subtracted  between  any  two  fictitious 
circuits  will  equal  the  total  admittance  eliminated  between  the 
corresponding  branch  points. 

To  prove,  let  the  concealed  branch  impedance  beZ=l-^F=i4a, 
then,  if  the  self-  and  mutual-impedances  of  the  fictitious  circuits 
corresponding  to  the  terminals  of  this  branch  are  originally  Zi,Zi 
and  Zi2,  they  become  after  the  elimination  of  the  concealed 
branch 

A^  |Zi     ±i 

-Z,+  Y 


=  Z,+  V 


A'_ 
■^'-  A. 

=  Y 

Zi    ±i 
±i     Z 

r       _           J»2 

Z2        T/ 

=  Y 

Tt     Z 

A-L 
T      —         " 

=  Y 

Zii  ±i 
Tj     Z 
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Any  concealed  part  of  a  network  connected  to  the  remainder  of 
the  network  through  a  group  of  terminals  {branch  points)  q,  r,  5,  .  . 
only  (and  having  the  impedance  determinant  A  a  or  Afi  ac- 
cording as  the  concealed  part  is  taken  alone  or  is  taken  together 
with  the  circtiits  corresponding  to  the  group  of  accessible  term- 
inals) may  be  replaced  by  any  one  of  the  following: 

(a)      Self -impedances     A^-i-A^    and    mutual     impedances 

n 
A^-r-Aa  added  to  the  fictitious  circuits  corresponding  to   the 

group  of  terminals. 

(6)  Branches,  devoid  of  mutual  impedance,  connecting  the 
group    of    terminals    in    pairs    and    having    the    admittances 

—  i4«.-r-  -4«.      These  admittances  we  will  call  the  equivalent 

direct  admittances  of  the  network. 

{c)  Branches  radiating  from  a  common  concealed  point,  one 
to  each  of  the  terminals,  with  self-impedances  Afi,^-T-Afi  and 
mutual  impedances  A^^-^A^, 

(d)  Branches  radiating  from  a  common  concealed  point, 
one  to  each  of  the  group  of  terminals,  these  branches  being 
devoid    of    self-impedance    and    having    mutual    impedances 

—  {Afi.qg+Afi.rr—  2Afi.fr)-i'2Afi. 

(e)  Branches  connecting  any  one  of  the  terminals  q  to  each 
of  the  remaining  accessible  terminals  r,  5,  .  .  .  ,  the  branch 
connected  to  terminal  r  having  the  self-impedance  {Aft,qg 
+Afi,rr—  2A0.qr)-r-A0  and  the  mutual  impedance  {Aft.q^ 
+Aft.rs—  Afi.qr—  Afi.gs)  -h  Aft  to  the  branch  connected  to 
terminal  s. 

Substitution  (a)  is  a  restatement  of  the  results  previously 
established  for  the  case  of  concealed  and  accessible  parts  which 
are  not  connected  the  one  to  the  other  by  mutual  impedances. 

To  show  that  (b)  is  equivalent  to  (a)  apply  to  (6)  the  theo- 
rem for  eliminating  concealed  branches  which  are  devoid  of 
mutual  impedances;  the  fictitious  circuits  corresponding  to  the 
j^roup  of  terminals  will  thereby  have  their  mutual  impedances 
increased  by  A^-^Aa  and  their   self-impedances   increased    by 

V 
A  a   ^tl     qr  ^a\     qq      .^J      qr/  qq 

since  the  complete  summation  with  respect  to  r  of  the  bordered 
determinants  A^  equals  the  determinant  A^t   bordered   by   the 
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row  q  and  a  column  equal  to  the  sum  of  all  of  the  fictitious 
circuit  columns  r,  and  vanishes  since  terms  +*  and  —  i  occur 
in  pairs  and  cancel,  making  the  column  identically  equal  to 
zero.  Substitution  (b)  having  been  transformed  into  substitu- 
tion (a)  the  two  are  mutually  equivalent. 

Substitutions  (c),  (rf)  and  {e)  are  readily  shown  to  be  mutually 
equivalent  to  each  other  and  to  the  original  network  by  showing 
that  the  impedance  between  any  two  terminals  u  and  v  with  all 
others  insulated  is  {Afi.un+Afi.n—  2A0.u9)-^Afi. 

The  direct  admittance  between  two  terminals  of  any  net- 
work, as  defined  under  {b),  is  equal  to  one-half  of  the  excess  of 
the  grounded  admittance  of  the  two  terminals  taken  separately 
over  their  grounded  admittance  when  taken  together  as  a 
single  terminal.  By  the  grounded  admittance  of  a  terminal  is 
understood  the  admittance  between  that  terminal  and  ground 
with  all  of  the  other  terminals  grounded.  As  grotmded  ad- 
mittance can  be  readily  measured  with  simple  apparatus,  this 
always  affords  one  method  of  experimentally  determining  the 
direct  admittance  in  any  network. 

Complete  Elimination  of  Either  Mutual  Impedances  or 
Self-Impedances 

It  has  been  shown  [(6)  and  {d)  above]  that  if  we  retain  a  group 
of  terminals  as  the  only  accessible  part,  any  network  may  be 
replaced  either  by  a  set  of  direct  impedances  connecting  the 
tenninals  in  pairs,  or  by  a  set  of  mutual  impedances  between 
branches  radiating  from  a  common  point  and  terminating  one 
at  each  of  the  terminals.  In  the  first  case  all  mutual  impedances 
are  avoided;  in  the  second  case  all  self-impedances  are  avoided. 
Applications  to  the  simple  transformer  are  of  interest  as  showing 
that  in  these  substitutions  an  open  circuit  is  taken  care  of  either 
by  parallel  self -impedances  which  are  equal  but  of  opposite  signs 
or  by  infinite  mutual  impedances  differing  by  finite  amounts. 
The  substitutions  show  that  a  transformer  /i,  /2,  ^12,  is  equiva- 
lent to  either 

(a)  The  six-branch  network  directly  connecting  the  four 
tcmninals,  the  impedances  of  which  are 

J\Jj~   J\^       /l  J2  —   /12*       J I  J  2  —   J 12^     __    Jl  J2  —  J\^         /^e\ 

J2         *  J\  J12        '  J12 

between  the  primary  terminals,  the  secondary  terminals,  each 
of  the  two  pairs  of  correspondingly  poled  terminals  of  primary 
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and  secondary  and  each  of  the  two  pairs  of  non-corresponding 
terminals  of  primary  and  secondary,  respectively.  (In  Figs.  6 
and  7  terminals  1-2,  3-4,  1-3,  and  2-4,  1-4  and  2-3  respectively.) 


Pig.  6  Fig.  7  Fig.  8 

Transformer  and  equivalent  networks  having  four  accessible  terminals 


Or  (b)  the  four-branch  network  connecting  the  four  terminals 
to  a  concealed  common  point,  the  mutual  impedances  being 

— —  — —  —       00    -I-   r-  00   — 

2    •        2    '      ^     4    '  4 


(16) 


between  the  branches  (taken  with  their  positive  directions  di- 
verging from  the  common  point)  which  terminate  at  the  same 
pairs  of  terminals  as  for  case  (a),  respectively.  See  Figs.  6  and  8. 
In  certain  cases  a  mutual  impedance  may  be  eliminated  by 
properly  augmenting  the  impedances  of  not  more  than  four 
branches,  without  altering  the  arrangement  of  branches  in  any 
way  or  imposing  any  restriction  as  to  whether  they  are  concealed 
or  accessible.  These  cases  are  all  included  under  that  of  mutual 
impedance  between  diagonally  opposite  branches  of  a  generalized 
bridge,  by  which  we  will  understand  a  network  differing  from  the 
ordinary  bridge  only  in  having  the  four  bridge  comers  replaced 


Fig.  9  Fig.  10 

Generalized  bridge  with  equivalent  mutual  and  self  impedances 

by  four  arbitrary  networks;  these  comer  networks  may  have 
mutual  impedances  between  one  another,  but  the  only  branches 
connecting  them  are  to  be  the  six  branches  corresponding  to  the 
simple  bridge.  Muttial  impedance  between  diagonally  opposite 
branches  in  the  generalized  bridge  is  replaceable  by  an  equal  amount 
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of  self-impedance  in  each  of  the  four  bridge-arms,  added  to  or  sub- 
tracted from  the  original  self-impedance  of  the  arm,  according  as 
the  arm  connects  the  branches  having  the  mutual  impedance  with 
their  positive  directions  concurrent  or  opposed.  (Figs.  9  and  10.) 
An  important  special  case  is  that  in  which  one  arm  of  the  bridge 
is  open-circuited  and  the  network  reduces  to  three  branches 
connecting  two  arbitrary  networks  otherwise  unconnected 
except  possibly  by  mutual  impedances.  (Figs.  11  and  12.) 
The  correctness  of  the  substitution  is  shown  by  the  fact  that 


Fig.  11  Fig.  12 

Three-branch  connection  with  equivalent  mutual  and  self  impedances 


the  impedance  of  every  closed  circuit  is  the  same  before  and  after 
the  substitution,  and  that  this  is  the  most  general  case  is  proven 
by  noticing:  (1),  that  the  generalized  bridge  becomes  an  unre- 
stricted network  by  admitting  any  number  of  branches  con- 
necting the  four  corner  networks  in  pairs;  and  (2),  that  with  a 
single  branch  added  to  Figs.  9  and  10,  it  is  impossible  to  keep 
the  self -impedance  of  every  closed  circuit  the  same  in  the  two 
cases,  for  the  added  branch  requires  different  increments  accord- 
ing to  the  circuit  through  which  it  is  closed. 

In  the  simple  bridge  circuit  there  are  15  possible  mutual  im- 
pedances which  may  be  eliminated  by  taking  as  the  effective 
branch  impedances  the  six  permutations  of 

Z\2    =Zi2+Zi2,  23+^12. 24  +  2i2,8i+Zi2,41+2l8.14+223tl4 

+  2i3,42+Zi4,S2  (17) 

where  I,  2,  3,  4  stand  for  the  bridge  corners.  The  condition  for 
a  balance  of  the  bridge  arms  12,  23,  34,  41  is  therefore  always 

Z\i'  Zzi  =Ziz' Za\  (18) 

Impedance  Loci 

It  is  often  of  importance  to  know  how  the  impedances  of  a 
network  will  vary  if  the  self-impedances  or  mutual  impedances 
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of  one  or  more  of  the  branches  of  the  network  are  varied  over 
lines  or  areas  in  any  physically  possible  manner.  On  account  of 
the  magnitude  of  this  subject  we  shall  touch  on  the  simplest  case 
only,  namely  that  of  the  driving  point  impedance  with  a  variable 
impedance  added  to  one  branch  of  the  network. 

As  the  discriminant  A  and  its  minors  are  of  the  first  degree 
in  terms  of  each  self-impedance  which  they  contain,  it  fol- 
lows that  the  effective  impedances  of  the  network,  being  equal 
to  the  quotient  of  two  of  these  determinants,  are  bilinear 
functions  of  the  individual  impedances;  thus  the  driving  point 
impedance  of  a  network  at  circuit  g  is  connected  with  a  self- 
impedance  Z  inserted  in  any  circuit  r  by  a  relation  of  the  form 

where  a,  fr,  c  and  d  are  constants. 

The  property  of  the  bilinear  transformation  which  is  of  special 
importance  to  us  is  that  it  transforms  circles  into  circles,  that  is, 
if  Z  be  regarded  as  a  variable  and  be  made  to  traverse  any  circle 
whatsoever,  the  driving  point  impedance  S  will  also  describe 
a  circle.  In  making  this,  statement  the  straight  line  is  included 
as  the  limit  of  a  circle  so  that  the  loci  of  5  and  Z  may  be  straight 
lines  as  well  as  circles.  This  property  of  the  bilinear  transforma- 
tion is  discussed  at  length  in  the  theory  of  analytic  functions 
and  need  not  be  entered  into  here. 

We  are  especially  concerned  with  the  cases  where  the  locus 
of  Z  is  a  straight  line  such  as  the  axis  of  reals  or  the  axis  of  imagi- 
naries.  because  the  first  is  a  variation  which  it  is  convenient  to 
make  use  of  in  practical  measurements  and  the  second  forms  the 
extreme  boundary  realizable  with  physically  possible  values  of 
the  inserted  impedance.  We  shall  find  it  better  to  replace  the 
constants  a,  6,  c  and  d  by  others,  such  as  the  effective  trans- 
fonner  impedances  or  the  effective  line  constants,  which  have  a 
physical  significance. 

A  network  having  effective  transformer  constants  Ju  J%,  Jn 
effects  the  transformation  of  the  half  of  tlie  Z— plane  on  the  positive 
side  of  the  reactance  axis  into  the  area  bounded  by  a  circle  with  center 
ot  Zi  and  radius  Rn 


Digitized  by  VjOOQIC 


894  CAMPBELL:  CISOIDAL  OSCILLATIONS        [April  25 

the  axis  of  reals  going  over  into  the  circumference  of  a  circle  having 
its  center  at  Zr  and  radius  Rri 


Zr  —  Ji—    f  —J  h  Rr  =  \~r fn  C^^) 


/,  -  /,"  "'  |y,-/,'i 


where  /»'  is  the  conjugate  of  Jt  and  \Jit*\  the  modulus  of  Ju*. 
The  two  circles  cut  each  other  orthogonally  at  J I  and  {J  I—  J  it* -i-Jt) 
which  correspond  to  open  and  short-circuited  secondary.  The  double 
points = effective  Une  impedances  (far  end  with  sign  reversed)  are 


Ki 

Ktl 


A-  J. 


j-^±W{Ji+A)*-4Ji»*  (23) 


Proof:  Close  the  secondary  through  the  added  impedance 
Z*,- where  «  is  a  real  variable,  and  the  effective  driving  point 
impedance  at  the  primary  is 


o      Ji(A+Zx)-Ji2*  ^  /li'      Z\Jt+Zx)-Z(Jt'+Z'x) 

'°  Jt+Zx  •^'    Jt+Zx  JtZ'-UZ 

(24) 
-  X'      TtZ^-J^zJ-^yJtZ'-A'z)  \    Jt+Zx  )^^^^ 


and  in  this  form  the  expression  obviously  represents  a  circle, 
of  which  the  center  is  the  first  term,  and  the  radius  the 
modulus  of  the  last  term,  since  the  variable  x  occiu-s  only  in  the 
last  factor  of  the  last  term  and  variations  in  x  change  the  angle 
but  not  the  modulus  of  this  factor  as  its  numerator  is  the  con- 
jugate of  its  denominator.  If  Z=  —  Z'  =  t,  the  inserted  im- 
pedance is  pure  imaginary  and  we  obtain  from  (26)  the  constants 
for  the  boundary  circle  as  given  in  (21) .  If  Z  =  Z'  =  1 ,  the  added 
impedance  is  real  and  th^  effective  driving  point   impedance 
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falls  on  a  circle  with  the  constants  as  given  in  (22).  To  deter- 
mine the  double  points  substitute  Zx^S^K  in  the  first  part  of 
(24)  and  solve  the  restilting  quadratic  in  K  which  gives  the 
values  (23). 

As  a  practical  example  of  impedance  loci,  consider  Fig.  13, 
which  shows  the  driving  point  impedance  of  a  transmission  line 


2000 


Cl>OIOftt  0«CILU>TIOrt 
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Pig.  13. — Bilinear  transformation  for  a  line  containing  6.201  wave 
lengths  and  having  the  attenuation  constant  0.9123  and  the  line  im- 
pedances jRli^  1762 -191  t  and  /C,  =  1614 -781»  which  maps  the  half 
plane  on  the  positive  side  of  the  imaginary  axis  into  the  circle  adce 
with  the  rectangular  ruling  mapping  into  the  orthogonal  system  of  circles. 


for  a  frequency  of  1,300  cycles  per  second,  the  line  containing 
6.201  wave  lengths,  presenting  an  attenuation  constant  of  0.9123 
and  having  line  impedances  Xi  =  1762--  19H  and  iC2  =  1614 
—  781*  for  transmission  from  the  driving  point  to  the  receiving 
end  and  vice  versa.  The  driving  point  impedances  actually 
measured  are  the  points  marked  by  circles  near  a,  6,  c  and  d  for 
which  the  far  end  of  the  line  was  closed  through  a  short  circuit, 
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through  2,000  ohms,  through  an  open  circuit  and  through  a 
capacity  of  0.107  mf.  respectively.  As  but  three  measurements 
are  necessary  in  order  to  completely  determine  the  three  bi- 
linear constants,  it  was  necessary  to  adjust  the  foiu-  observations 
to  the  most  probable  bilinear  transformation.  It  will  be  seen 
that  the  corrections  which  it  was  necessary  to  apply  to  the  ob- 
servations were  small,  being  in  fact  well  within  the  errors  of 
observation.  The  circle adce  corresponds  to  the  entire  imagi- 
nary axis  of  Z ;  the  arc  ab  c  corresponds  to  the  entire  positive  axis 
of  Z.  Circles  are  also  shown  corresponding  to  values  of  Z 
having  constant  real  components  of  1,000,  2,000  and  3,000  ohms 
and  constant  imaginary  components  of  ±1,000  and  ±2,000 
ohms.  The  line  impedances  Ki  and  Kt  are  also  shown.  As 
the  particular  line  under  measurement  effects  the  transforma- 
tion of  the  rectangular  network  shown  in  Fig.  13  into  the  ortho- 
gonal system  of  circles,  the  diagram  shows  that  the  driving  point 
impedance  has  the  resistance  limits  1,270  to  2,640  ohms  and  the 
reactance  limits  —  1,070  to  H-300  ohms.  The  diagram  as  it 
stands  is  sufficiently  complete  to  permit  of  reading  off  approxi- 
mately the  value  of  the  driving  point  impedance  for  any  value 
of  the  impedance  Z  bridged  at  the  receiving  end  of  the  line. 

The  following  construction  will  be  required  below  and  may 
be  proven  here. 

The  effective  joint  impedance  S  of  two  impedances  Zi,  Zj  in 
parallel  coincides  with  the  intersection  of  the  circles  which  are 
tangent  to  these  impedances  at  the  origin  and  have  the  individual 
impedances  as  chords.  This  construction  follows  at  once  from 
the  circular  locus  of  S  for  variable  modulus  of  either  Zi  or  Zj 
and  the  fact  that  if  one  of  the  parallel  impedances  Z\  vanishes 
or  the  other  impedance  Zj  becomes  infinite  the  joint  impedance 
is  equal  to  Zi.  This  construction  is  employed  in  Fig.  15  for 
obtaining  S  from  Zi  and  Zj  or  vice  versa. 

Division  of  Power  between  the  Resistances  and  Reac- 
tances OF  A  Network 
The  total  power  taken  by  a  network  is  the  sum  of  the  powers 
taken  by  the  individual  self -impedances  and  mutual  impedances, 
and  to  determine  the  division  of  this  power  between  parts  of  the 
network  it  is  merely  necessary  to  find  the  sunmiations  for  each 
part  separately.  As  the  total  power  and  all  of  its  components 
are  directly  proportional  to  the  square  of  the  current  entering 
the  network  at  the  driving  point,  it  is  more  convenient  to  con- 
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siaer,  as  the  immediate  object  of  discussion,  the  effective  im- 
pedances which  are  defined  as  the  ratios  of  the  powers  to  the 
driving  current  squared.  Accordingly  we  shall  discuss  the  effec- 
tive impedances  5,  U,  V  i  which  correspond  respectively  to  the 
total  powers  taken  by  the  entire  network,  by  the  true  resistances 
alone,  and  by  the  reactances  alone.  From  this  definition  of 
these  impedances  it  follows  that 

i-1    *-l  i-1  y-l*->+l 

n         n 

1/ = 2  2^*  V/'      ^^""'^  ^'*  °  ^'■*  "^  *  ^•'*    ^^^ 

J-l     Jk-l 

i-1   *-l 

The  impedance  U  corresponding  to  the  power  taken  by  the 
resistances  in  the  general  passive  network  may  have  any  argument, 
and  any  modulus  which  is  not  greater  than  the  effective  resistance 
of  the  network.     To  prove: 

Consider  an  ideal  line  of  zero  attenuation  containing  s  wave 
lengths,  closed  at  the  far  end  through  a  resistance  equal  in  value 
to  the  line  impedance  K,  with  an  impedance  (i?—  K)+Bi  in 
series  at  the  sending  end  so  as  to  make  the  total  impedance  at  the 
sending  end  equal  to  R+Bi.  A  current  /  flowing  at  the  sending 
end  gives  rise  to  a  current  /  cis  (—2x5)  at  the  receiving  end 
so  that  the  total  power  taken  by  the  resistances  is 

P^{R-  K)  P+K  P  dLs{-  ^T  s) 
Therefore 

I/=  {R  -  K)  +K  cis  (-  4  ir  s) 

an  impedance  which  may  obviously  assume  any  argument  and 
any  modulus  not  exceeding  R  with  positive  real  values  of  K, 
(R-  K),  and  s. 

The  modulus  of  U  can  under  no  circumstances  be  greater 
th^n  the  effective  resistance  of  the  network  for  if  this  were  the 
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case  the  correlated  sinusoidal  oscillation  would  have,  at  some 
part  of  each  oscillation,  a  negative  total  consumption  of  power 
by  the  resistances  which  is  obviously  impossible  when  the 
network  contains  neither  sources  of  power  nor  so-called  negative 
resistances,  which  are  excluded  throughout  this  discussion. 

In  Fig.  14  S  and  R  represent  the  effective  driving  point  im- 
pedance and  the  effective  driving  point  resistance  of  the  net- 
work, while  U  and  Vi  show  a  possible  resolution  of  the  im- 
pedance S  into  components  corresponding  to  the  powers  taken 
by  the  true  resistances  and  the  reactances  respectively.  The 
circle  Kb  cd  drawn  about  the  origin  with  O  i?  as  a  radius  is  the 
maximum  possible  locus  of  U.  If  U  falls  at  point  6  or  d  the  power 
taken  by  the  reactances  has  its  maximum  or  its  minimum  value. 
If  U  falls  at  R  the  power  taken  by  the 
reactances  is  90  degrees  ahead  of  the 
power  taken  by  the  resistances  and  this 
case  corresponds  to  the  series  arrange- 
ment of  a  resistance  and  a  reactance. 
(This  is  for  positive  reactance;  with 
negative  reactance  the  lead  becomes  a 
^^  90  degree  lag.)     At  point  c  the  relative 

Fig.    14.— Resolution     phase§  are  reversed,  the  resistances  tak- 

ped\LT"n  J^'the  im"  ^^^  P^^^^  ^°  ^^^^^^  ^^  advance  of  that 

pedances  corresponding  taken    by   the  reactances;  this  case,  as 

to  the  power  taken  by  follows  from  the  formulae  deduced  below 

the  resistances  (U)  and  for  parallel    circuits,    may    be  realized 

by  the  reactances  (KO;  theoretically  by  the  association  of  a 
Rbc     is     the    extreme  .  .  , 

boundary  for  U.  P^^^  resistance  and  a   pure  positive  re- 

actance in  parallel.  The  point  of  special 
interest  is  the  origin  0\  ii  U  vanishes  the  cisoidal  powers  taken  by 
the  various  resistances  cancel  each  other  in  the  summation  for  the 
resultant;  in  the  correlated  sinusoidal  oscillation  the  power  taken 
by  the  resistances  is  constant,  that  is  the  total  generation  of  heat 
in  the  network  does  not  fluctuate  during  an  oscillation.  This 
would  seem  to  be  a  property  which  might  have  practical  applica- 
tion. 

//  ^ii  ^2,  dre  the  maximum  and  minimum  driving  point  impe- 
dance arguments  obtainable  from  the  elements  employed  in  a  net- 
work of  driving  point  impedance  S==^R+Xi=\S\cis  a  the  im* 
pedance  U  must  lie  in  the  lenticular  area  common  to  the  two  circle;^ 
which  intersect  at  the  effective  resistance  of  the  network  (R)  and  are 
centered  at  the  projections  of  S  on  lines  drawn  through  the  origin 
at  the  angles  (or  —  Ai)  and  (or  —  A2). 


Digitized  by  VjOOQIC 


1911]  CAMPBELL:  CISOIDAL  OSCILLATIONS  899 

Multiply  each  impedance  Zj*  in  the  network  by  cis  (-9"-^  )' 

As  this  leaves  the  current  ratios  unchanged  the  new  value  of  U 
will  be 


1  CIS  ;  22  '^^'*'  ^^^  ^^**    // 


=  i  5 cos  X—  i  U ok^X 
Therefore     U=-ill  cis  (-  il)  +5  cos  >l  cis  (-  X) 

which  expresses  the  actual  value  of  U  in  terms  of  the  modified 
value  £/.  We  may  make  X^Xi  without  introducing  any  re- 
sultant negative  resistance  in  the  network,  for  the  multiplication 

of  each  impedance  by  cis  (9  ""  'lij  raises  the  maximum  argu- 
ment from  Xi  to  x-^2.  The  extreme  possible  boundary  limit 
for  U  will  then  be  the  circle  of  radius  equal  to  the  new  effec- 
tive resistance  or 

Extreme  limit  for  U=  \S\  cos  (^+o"~'^i)  cis  m 

=  |5|sin  (^1  —  or)  cis  ju 

where  /x  is  any  real  angle. 

Substituting  this  in  the  above  equation,  we  obtain  as  a  necessary 

condition 

Limit  for  I/=  |5!  cos  Xi  cis  {(f  -  Xi)  +i\S\  sin  {Xi  -  tr)  cis  (/x  -  >l,) 

Since  the  only  variable  is  the  unrestricted  real  quantity  yi  this 
locus  for  U  is  the  circle  of  which  the  center  is  the  first  term  and 
the  radius  the  modulus  of  the  second  term.  The  first  term  is 
the  point  at  the  foot  of  the  perpendicular  let  fall  from  the  ex- 
tremity of  5  on  the  line  cis  (or  —  -^1)  and  the  distance  from  this 
point  to  the  extremity  of  R  is  ||5|  cos  or  --  \S\  cos  Xi  cis  (or  —  ^i)| 
'^iSllcis—  Ai||cos  <T  cis  ^—  cos  Xx  cis  or|  =  |5  sin  (^1—  or)i,  the 
modulus  of  the  second  term. 
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The  corresponding  proof  for  the  minimum  limit  is  made  by 
substituting  "-  (o  —  ^«)  for  Ik  ""  ^)-     That  the  lenticular  area 

thus  defined  is  a  sufficient  as  well  as  necessary  restriction  is 
proven  by  the  properties  of  parallel  circuits  discussed  below. 

We  may  note  that  U  cannot  vanish  unless  there  is  a  range 
of  at  least  90  degrees  in  the  impedances  of  the  elements  entering 
the  network. 

All  possible  distributions  of  power  between  the  resistances  and 
the  reactances,  with  any  given  total  driving  point  impedance  may  be 
obtained  from  two  reactive  resistances  in  parallel,  and  it  will  now 
be  of  interest  to  examine  this  case  in  detail.  We  will  assume 
that  the  impedances  Zi,  Zj,  when  connected  in  parallel  are  to 
have  a  given  total  effective  impedance  S  and  a  given  impedance 
U  corresponding  to  the  total  power  taken  by  the  resistances. 
These  conditions  give 


z,+z,'  (  z,  \\    z,+z.:  (  Zi  y 

^  2  \Z,+7j  ^  2  \Z,+Zj 


{Z.S'-  Z,[S)\  ^  5+5'  ^27) 


2  Z,»  (Z/  -  5')    '       2 

where  the  first  expression  for  f/  is  in  terms  of  the  resistances  and 
current  ratios  and  the  second  expression  is  found  by  substituting 
for  Zs  its  value  in  terms  of  Zt  and  5. 

9-1-  9' 
Let   F=|F|cis^=f/-  ^^^^  1 

5=|5|cis(r  K28) 

Z  =  |Z|cisd  J 

and  put  the  last  expression  for  U  in  the  form 

2  FZ*  (Z'  -  5')  ^{ZS'-  r  5)«=  -  4|Z*  5=|sin«  {B  -  c) 

where  subscripts  are  omitted  as  the  equation  applies  equally  to  Z\ 
and^j.     Taking  the  imaginary  part  of  this  equation  before  and 
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after  multiplying  by  cis  (—  d  —  ip)  we  have,  after  dropping  the 
common  factors  2\F 2?\i  and  2|Z^5|sin  {0  -  cr)  i, 

|Z|sin  {e+<p)  -  |5|sin  {2  0-  or+^)  =0 
-  \F\  =2|5Isin(d- a)sin(d+^)  =  |5|[(cos(a'+^)-cos(2d-<r+ ^)] 

therefore  Z  =  |5|  iyiMz^+5?L  ds  «  (29) 

'   '       an  (d+ip) 

with  values  of  0  given  by 

cos  (20-  <r+^)  =  cos  (o^+^)  +  |F-^5| 

which  is  the  required  solution  for  Z^  and  Z^- 

The  graphical  construction  for 
determining  5  and  U  when  Z\ 
and  Zt  are  given,  or  vice  versa,  are 
sufficiently  simple  to  be  of  assist- 
ance. The  construction  rules  which 
are  readily  dedudble  from  the  pre- 
ceding work  are  as  follows: 

Given  Zi  and  Zt  to  find  S  and.  U, 
Fig.  15.  Find  the  impedance  S  of 
Zi  and  Zt  in  parallel  and  draw  the 
circle  having  5  as  a  diameter,  on  p,^  is.^Graphical  construc: 
this  circle  locate  points  di  and  tion  for  determining  the  effective 
dt  so  that  arc  5di  =  arc  C\  R,  and  driving  point  impedance  (S)  and 
arc  5rfj  =  arc  Cti?  where  Cu  Ct  and  the  effective  impedance  corre- 
R  are  the  intersections  of  the  circle  ^Po^<^^^^  ^^  the  power  taken  by 

^^^    r,     rw  J  ^t-  'J.  •       the  resistances  (U)  for  two  tm- 

with  Z„  Z.,  and  the  resistance  axis.  ^^^^^^^^  ^^  ^^^  ^^  .^  p^^^„^l 

using  di  and  dt  as  centers  strike 

circles  passing  through  point  R.     The  other  intersection  of  the 

circles  is  the  effective  impedance  I/. 

Given  S  and  U  to  find  Z\  and  Zt.  Find  the  intersections  di 
and  dt  of  the  circle  having  5  as  a  diameter  and  the  normal  right 
line  bisecting  U  R,  lay  off  arc  Ci  i?  =  arc  Sdu  and  arc  CtR  =  ^rc 
Sdt>  Then  Oci  and  0  Ct  are  the  direction  lines  for  Zi,  Zt  the 
magnitude  of  which  are  found  by  the  intersection  therewith  of 
the  circles  tangent  to  0  Ci  and  0  ct  which  have  0  5  as  a  chord. 

The  vanishing  of  U  requires  a  difference  of  90  degrees  in  the 
two  impedances  Zi  and  Zt;  if  the  driving  point  impedance  S  is 
to  be  pure  resistance  i  =  R)  we  have  the  important  case  where 
the  parallel  impedances  are  (R±Ri). 
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Free  Oscillations 
The  charax^teristic  feature  of  free  oscillations  is  that,  through- 
out the  part  of  the  network  over  which  the  oscillation  extends, 
the  driving  point  impedance  is  equal  to  zero.  This  follows 
from  the  fact  that  as  the  driving  point  impedance  is  equal  to  the 
impressed  electromotive  force  divided  by  the  current,  it  vanishes 
when  the  electromotive  force  vanishes,  provided  the  current 
does  not  vanish.     The  criterion  for  free  oscillations  is  therefore 

A^O  (30) 

The  solution  of  this  equation  contains  all  of  the  possible  values  of 
the  time  coefficient  />.  Each  possible  oscillation  is  aperiodic  or 
not  according  as  />  is  pure  imaginary  or  not ;  p  cannot  be  real  for 
any  actual  system,  since  energy  must  be  dissipated  in  any 
oscillation  which  may  occur  in  such  a  system. 

In  present  day  practical  applications,  complex  or  imaginary 
values  of  p  occur,  as  a  rule,  only  for  free  vibrations;  but  there  is 
no  inherent  reason  why  such  vibrations  should  not  arise  as  forced 
vibrations,  for  that  requires  only  that  an  alternator  be  used 
which  gives  an  electromotive  force  of  constant  period  and 
logarithmically  decreasing  amplitude.  This  condition  is  ap- 
proximately realized  by  a  freely  vibrating  system  which  is  loosely 
coupled  to  the  network  under  consideration. 

As  an  illustration  of  the  application  of  the  method  to  free 
oscillations,  determine  the  time  coefficients  {i.e.,  the  free  periods 
and  associated  damping  constants)  for  two  coupled  circuits  of 
impedances  Zi,  Zi,  Z12.     For  this  case 


iZi      Zii 

.4=: 

|Zij    Zt 


=ZiZ2-Zi,2  =  0 


=  1(2  ii+p  i)  (2  i,'+p  i)+pfl  [(2  it+p  i)  (2  St'+p  ij+pi"] 

+*'  P"  (2  d,'+p  i)  (2  it'+p  i)  (31) 

where    8  =  -7rr»      *'  =  "o7^'      P^~~7t-7.^     *  = 


2L'      "       2C'      '^      VLCf  VLiL,    ' 

taken  with  subscripts  1  and  2  to  correspond  with  the  circuits. 
For  small  damping  constants  5,  5'  (31)  may  be  developed  into  a 
series  of  which  the  first  terms  are 
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Pi  =  Pti- 

Si{P^*-pt*)  +di'(p^Hi-k*)-p**)  +dt(po*-pi*)  +8t(PoHl-k')-py*)  , 

2/>.»(l-**)-/'i*-/'«*  •■ 

(32) 


where  /,.=  yj  P^+-^^^(P^Tj^p-±''lP^ P''  (38) 

are  the  time  coefficients  which  would  obtain  if  the  circuits  were 
free  from  all  dissipative  losses. 

In  the  special  case  of  two  identical  circuits  {Z\^Zt  =  Z)  the 
determinantal  equation  becomes  A  =  (Z+Zn)  (Z  —  Zn)  =0 

or  R+iL±M)pi+c+lyr^ 


whence  i 


^^"       V2(L±ilf)"^2C/ 

±V         1        --/         ^ ^V  (34) 

"^         {L±M)C       V2(L±il/)       2C/  ^^^ 

without  any  restrictions  as  to  the  values  R,  L,  M,  G  and  C. 

Infinite  Number  of  Circuits — Eddy  Currents. 
When  the  number  of  circuits  is  increased  indefinitely  the  de- 
terminant A  becomes  of  infinite  order.  The  particular  applica- 
tion which  at  once  suggests  itself  is  that  of  eddy  currents  in  a 
cylindrical  core.  Consider  the  core  of  radius  a  as  being  made  up 
of  a  large  number  n  of  concentric  hollow  tubes  of  thickness  a-^n 
and  radii  ga-s-n,  (g  =  l,  2,  .  .  .  n)  and  take  as  the  driving 
winding  another  tube  of  radius  (»+l)  a-i-n  which  has  infinite 
conductivity.  Then  the  impedance  for  tubes  q  and  r  per  unit 
of  length  is 

y  ^,  V         l<<Z<r<n+l 

Zr^=Zr«  =  2xp(«^ff+2si-V),     A    r'ilJf^=><«+l  (36) 
\  **    ^      ^«''""  (  0  in  other  cases. 

with  2  = clE^^JLZ.^  .    ^    ,  R  and  L  being  the  longitudi- 

P  K  ^  IT  p 

nal  resistance  {p-r-n  a*)  of  tbe  core  per  unit  length  and  inductance 
4 /I  ?r*  a*  of  the  driving  winding  per  turn  per  unit  length  of  core. 
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The  driving  point  impedance  of  the  windingis,  if  jc  =  2«i-r»*. 


l+* 

X                X 

* 

X 

X 

2+2»x    2''x 

.    .      2«x 

2'jc 

X 

2'x    3+3'jc     . 

.    .      3»jc 

3*jc 

X 

2»x      3** 

.  n+n*x 

vhc 

X 

2»x      3»x 

.    .      v?x 

(n+1 

1+JC  X  X 

X        2+Vx      2H 
X  2^x      Z+ZH 


2^x        ZH 


X 

2H 


n+n^x 


I 


n+l 


2(n  +  l)!2(|r)   (fe-i)|ll(n  +  l-fe)l 


=  27rp 


ik-l 


k'O 


the  transformation  of  the  determinants  into  series  of  powers  of 
jc-5-2  =  2;*-rw'is  proven  to  be  correct  by  its  being  true  forn=  1 
and  2  and  satisfying  the  difference  equations  for  the  numerator 
(Nn)  and  the  consecutive  values  of  the  denominator  (Z)n-2,  -^w-it 

DnSiTidDn+l) 

Z>n  =  (2n-    1)  (l+x)Pn-l-   (»-    iyDn.2 

which  are  obtained  by  adding  (»+l)  Dn  to  iVn,  that  is  increas- 
ing its  last  element  by  (n+l),  which  becomes  £>»+!  and  by 
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expanding  Z>„  according  to  the  last  row  and  column  after 
subtracting  therefrom  the  next  to  the  last  row  and  column.  For 
«  =  infinite, 


(zi)' 


2^     i2*r 


5-27rp 


*-i 


2{ZV^ 


=  2irp 


*-o 


=  2ir  p 


-  V-  Aiz  J|V -  4  i g 


=  4  ^  p  s  --^—  log  /o  \/  -  4  i  2 
a  8 


=  4  TT  p2i 


(36) 


which  are  the  well  known  results  expressed  in  Bessel's  functions, 
To  make  the  formula  perfectly  general  for  any  driving  winding  it  is 
necessary  only  to  multiply  by  the  length  of  the  core  and  the 
square  of  the  total  number  of  tiu-ns  in  the  winding  and  to  add  the 
impedance  of  the  winding  which  arises  externally  to  the  core. 

This  example  shows  that  certain  infinite  systems  of  circuits 
which  are  ordinarily  solved  by  partial  differential  equations 
may  be  handled  by  the  general  determinantal  solution,  but  of 
course  when  transcendental  functions  are  involved,  as  in  the 
case  of  eddy  currents,  the  algebraical  reduction  may  introduce 
some  complexity. 
Eddy  currents  in  transformer  plates  give  the  following  results: 
For  a  plate  of  thickness  2a,  width  w  and  axial  length  /  divided 
into  a  large  number  of  2n  of  sheets  of  equal  thickness  and  sur- 
rounded by  a  close  fitting  driving  winding  of  a  single  turn  and 
zero  resistance: 
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^       „       2  pwn  /^     .  .     ,  q  \  TT  a}  yip  -^ 

a  *       \  fir  /  p 

above  and  the  driving  point  impedance  at  limit  n  =  infinite  is 

5=  ^^  Vizi  tanh  V47i  (37) 

Skin  Effect 
For  a  cylindrical  conductor  of  radius  a,  length  /  and  steady 
current  resistance  R  with  close  fitting  return  shell  of  zero  re- 
sistance, the  conductor  being  divided  into  n  concentric  tubes  of 
equal  cross  section  with  circuit  q  comprising  adjacent  tubes 
q  and  g  + 1 : 

„       „       jilpn  (.    ^zi.,    \  r    2,  if  3  =  r<n 

z        \  nq        f  ««'-  i-l,if(7  =  r±l 

(^    0,  in  other  cases 

with  .=  -  <^'  ^i'  =  ^^'        5v= \  I'i2?r,i:=» 

^  ''^  ( 0,  in  other  cases 

and  the  driving  point  impedance  at  limit  n= infinite  is 

V-^iz      Ji  V -  4iz 

Details  of  Proof.  Regard  each  hollow  cylindrical  tube  as 
concentrated  on  its  mean  diameter,  while  retaining  its  actual 
resistance,  pnl-v-ird^.  This  resistance  with  sign  changed  will 
then  be  the  mutual  impedance  between  any  two  adjacent  cir- 
cuits, as  each  tube  carries  the  difference  between  the  currents 
in  the  two  adjacent  circuits  of  which  it  forms  a  common  part; 
no  other  mutual  impedances  occur,  as  no  other  current  products 
enter  the  expression  for  the  total  energy.  The  self -impedance 
of  the  qth  circuit  is  made  up  of  twice  this  resistance,  together 
with  the  inductance  l-^q;  the  inductance  being  found  by  the  single 
turn  solenoid  formula  47r  cross-section 4- length,  the  cross  section 
being  a/-^2\/^  and  the  length  (i.e.,  mean  circumference) 
being  2t  aVq^fi^  For  the  outermost  circuit  (q^n)  this  im- 
pedance is  to  be  divided  by  two,  since  its  return  circuit  is  of 
zero  resistance  and  zero  thickness.  The  impedances  Zqr  are 
thus,  as  stated  above.    After  removing  the  factor  fxpln-i-z  from 
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each  element  of  determinants  A  and  i4««  and  placing  x  =  2  t-7-n, 
we   have 


s=^=ii„J^P^ 


n^oo 


2+Y  -10.. 

0      0 

-1  2+1  -1  •.  . 

0     0 

0     -r  2+1  .  . 

0     0 

0    0    0.. 

■2+.-1  -' 

0    0    0   .  . 

•  -'  '+/» 

2+f  -10., 

0     0 

-1  2+1  -1  . 

0     0 

0  -1  2+J  . 

0     0 



0   0   0. 

■'+n-i     -' 

1  0   0    0   . 

.  .    -12+  ': 
w— 1 

Urn  ^  J2«-_^)_(?Ti)l 
^P^  ik-O 


i! 


M-t 

lim  i^ 
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the  correctness  of  the  series  expansions  for  the  determinants  is 
readily  proven  forn  =  1  and  2  directly  from  the  determinants  and 
then  extended  step  by  step  to  any  value  of  n  by  expanding  the 
determinants  according  to  the  terms  in  the  last  row  and  column 
so  as  to  obtain  expressions  for  the  denominator  (JDn)  and  the 
numerator  {Nn)  in  terms  of  the  denominator  with  different 
values  of  «,  viz: 

which  are  readily  shown,  by  substituting  the  above  series  ex- 
pressions, to  be  identically  satisfied  for  all  values  of  ». 

Finally  replacing  x  by  its  value  zi-^n  and  passing  to  the  limit, 

«  =  oo 

en 

(ziy 


5^    f^pl     k^O 


(zi)' 


kHk  +  l) 


k^o 


which  is  identically  formula  (38),  as  the  numerator  is  the  series 
for  Jo  s/^^^^z  ^"^1  ^^^^  denominator  is  the  series  for 
2  /i\/—  4  il -?-  V—  4  i z. 

Summary 

1.  The  complex  exponential  function  is  shown  to  be,  not  a 
sjmibolic  vector  representation  of  the  sinusoidal  function,  but  a 
scalar  function  of  fundamental  importance  in  its  own  right,  and 
enjoying  algebraical  power  and  energy  relations  as  important 
as  those  of  real  functions.  In  order  to  emphasize  the  basic  and 
distinctive  character  of  the  complex  exponential  function,  it  is 
given  the  name  ''  cisoidal  oscillation.** 

2.  The  correlation  between  sinusoidal  oscillations  and  cisoidal 
oscillations  is  reduced  to  a  few  simple  rules  which  cover  power 
as  well  as  ciurents  and. electromotive  forces. 
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.S.  The  general  law  of  distribution  of  currents  in  any  invariable 
network  is  shown  to  be  that  of  stationary  dissipation  of  power. 

4.  The  law  of  distribution  of  cisoidal  currents  in  any  invariable 
network  is  reduced  to  that  of  stationary  total  power,  or  to  the 
equivalent  condition  of  stationary  driving  point  impedance  or 
admittance. 

5.  The  cisoidal  power  is  employed  as  the  most  convenient 
means  for  investigating  the  division  of  the  instantaneous  power 
between  the  resistances  and  reactances  of  a  network. 

6.  The  general  solution  for  cisoidal  oscillations  in  any  in- 
variable network  is  given  in  determinantal  form  and  it  is  shown 
how  the  various  impedances  of  any  particular  network  may  be 
written  down  at  once  and  how  the  elimination  of  concealed  cir- 
cuits, mutual  impedances  or  self-impedances  may  be  accom- 
plished. Applications  to  impedance  loci,  free  oscillations  and 
infinite  systems  of  circuits  are  also  given. 
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Discussion    on    '*  Cisoidal    Oscillations,"    Los    Angeles, 
April  25.  1911. 

C.  L.  Cory:  Iq  order  to  obtain  a  physical  and  in  fact  practical 
conception  of  the  results  obtained  by  Mr.  Campbell  as  treated 
mathematically  in  his  paper,  it  may  be  well  to  consider  one  of 
the  comparatively  simple  conditions  existing  in  a  circuit  con- 
taining resistance  R  and  inductance  L,  there  being  applied  to 
this  circuit  an  electromotive  force  having  an  instantaneous 
value  e,  which  varies  with  time  /. 

In  such  a  circuit  the  equation  which  expresses  the  value  of  the 
instantaneous  electromotive  force,  interpreting  the  equation 
physically  rather  than  expressing  it  mathematically,  is  that  the 
instantaneous  electromotive  force  e  applied  to  such  a  circuit 
is  expended  in  two  ways;  first,  to  overcome  the  resistance  of  the 
circuit  or  Ri\  and  second,  to  overcome  the  electromotive  force  of 

self-induction  in  the  circuit  or  L 


dt  ' 
Mathematically  such  an  equation  would  be  as  follows: — 

Even  with  such  a  comparatively  simple  equation  it  can  not 
be  solved  to  give  us  practical  results  unless  we  know  or  assume 
the  law  by  which  the  electromotive  force  varies  with  time. 
However,  practically  we  assume  a  sine  function  of  the  time,  and 
we  therefore  have:  e  =  E  sin  w  t,  in  which  E  is  the  maximum 

2   TT 

vahie  of  the  electromotive  force  and  w  is  equal  to     ^  ,  where  T 

is  the  time  of  a  complete  period. 

Instead  of  having  circuits  containing  resistance  R  and  self- 
induction  or  inductance  L,  only,  as  we  well  know,  we  may  have  a 
circuit  which  contains  resistance  and  electrostatic  capacity,  or 
a  more  complex  circuit  which  contains  resistance,  inductance 
and  capacity,  or  a  still  more  complex  condition  of  the  circuit 
or  network  which  contains  resistance,  inductance,  capacity  and 
mutual  inductance. 

The  mutual  induction  in  a  circuit  can,  however,  very  readily 
be  represented  by  an  equivalent  self-induction. 

If  a  variable  electromotive  force  is  applied  to  any  of  the  above 
circuits  and  we  assume  that  such  electromotive  force  varies  as  a 
sine  function  of  the  time,  and  we  solve  for  the  practical  values 
or  virtual  or  effective  current  and  electromotive  force,  as  well  as 
equivalent  resistances,  reactances  and  impedances,  we  get  what 
mathematically  is  known  as  the  constant  of  integration.  It  is 
this  constant  of  integration  which  Mr.  Campbell  has  so  beauti- 
fully and  completely  treated  in  his  paper.  Let  us  discuss  from  a 
strictly  physical  standpoint  this  constant  of  integration. 

In  an  ordinary  alternating  current  circuit  we  know  that  if  we 
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cxmld  succeed  in  opening  or  closing  such  a  circuit  at  the  instant 
when  the  current  is  passing  through  its  zero  value  practically  we 
would  get  no  arc  or,  except  for  causing  a  cessation  or  establishing 
the  current,  we  would  not  introduce  electrical  disturbances  in 
the  circuit.  It  is  of  course  practically  impossible  to  make  and 
break  circuits  at  exactly  the  instant  when  the  current  value  is 
zero,  and  as  a  result  if  we  close  or  open  a  switch  in  an  alternating 
current  circuit  containing  resistance,  self-induction,  capacity  or 
mutual  induction,  which  may  be  made  the  equivalent  in  self- 
induction,  we  produce  disturbances  or  oscillations  in  such  a 
circuit  over  which  we  have  practically  no  control  as  compared 
with  the  fundamental  sine  wave  of  current  and  electromotive 
force. 

For  the  most  part  we  have  neglected  this  constant  of  integra- 
tion because  we  have  assumed  that  the  disturbance  or  oscillations 
introduced  in  such  a  circuit  very  soon  disappear.  This,  however, 
is  not  the  fact  where  self-induction  and  capacity  both  are  con- 
tained within  such  a  circuit. 

Even  with  self-induction  and  resistance  only,  or  capacity  and 
resistance  only,  theoretically  the  resultant  current  from  such 
oscillations  wUl  never  become  zero.  Practically,  however,  the 
resultant  current  in  such  circuits  very  soon. becomes  zero. 

Referring  to  Mr.  Campbell's  paper,  equation  No.  1,  and  the 
last  term  of  that  equation,  which  is  C  e'^' ,  it  may  be  said  that 
this  term  is  of  the  nature  of  the  constant  of  integration  to  which 
reference  has  been  made  above,  but  in  order  that  we  may  adopt 
symbols  to  correspond  with  those  used  in  the  paper  it  should  be 
remembered  that  C  and  p  are  constants  either  real  or  complex 
and  that  e  is  the  Naperian  base  and  i  is  the  imaginary  symbol 
corresponding  to  j  as  used  by  Steinmetz. 

The  term  p  is  a,  constant,  either  real  or  complex,  and  repre- 
sents the  condition  of  the  circuit  or  network  as  regards  self- 
induction,  capacity  and  mutual  induction,  and  the  other  letters 
of  the  equation  represent  quantities  as  above  explained. 

Let  us  now  turn  to  a  few  paragraphs  of  Mr.  Campbell's  paper 
in  order  to  ascertain  in  a  general  way  his  method  of  treatment 
of  the  subject,  the  mathematical  character  of  '*  cisoidal  oscilla- 
tions "  and  his  extremely  valuable  and  specific  results  and 
conclusions  regarding  such  oscillations  in  circuits  of  the  character 
of  existing  telephone  distribution  systems. 

In  the  first  place,  the  paper  is  not  only  mathematical  but  it  is 
more  than  that;  it  is  metaphysical  in  its  treatment.  The  author 
has  clearly  pointed  the  way  to  the  treatment  of  these  peculiar 
oscillations  and  indicated  a  method  whereby  we  may  thoroughly 
understand  the  action,  although  we  may  not  have  control  over 
the  establishment,  of  such  oscillations. 

In  a  way  his  treatment  of  the  subject  is  analogous  to  the 
mathematical  treatment  of  alternating  currents  many  years  ago, 
in  which  it  was  shown  that  the  laws  of  direct  currents  would  not 
hold  for  the  newly  developed  alternating  cursents.     In  this  paper 
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we  have  the  mathematical  treatment  of  these  peculiar  oscilla- 
tions, which  is  a  distinct  addition  to  the  mathematical  treatment 
of  alternating  currents  in  somewhat  the  same  manner  as  the 
mathematical  treatment  of  alternating  currents  was  a  distinct 
step  in  advance  of  the  equations  which  were  satisfactory  for 
direct  currents. 

To  understand  the  character  of  these  oscillations  we  need  only 
consider  a  portion  of  the  first  paragraph  of  the  paper,  in  which  it 
is  stated  that  these  oscillations  are  sustained  logarithmically, 
damped,  or  aperiodic,  depending  upon  whether  the  time  coeffi- 
cient p,  which  really  indicates  the  character  of  the  circuit,  is 
real,  complex  or  purely  imaginary.  Further,  the  author  has 
used  the  term  "  cisoidal  oscillations  ''  in  order  to  emphasize  the 
distinctive  character  of  such  oscillations  and  at  the  same  time  to 
indicate  the  close  relation  between  such  oscillations  and  the  more 
generally  known  sinusoidal  oscillations. 

It  is  apparent,  especially  in  telephone  circuits,  that  while 
primarily  we  have  to  deal  with  oscillations  which  may  be  assumed 
equivalent  to  sinusoidal  oscillations,  yet  in  such  circuits  con- 
taining resistance,  inductance  and  capacity  it  is  quite  as  neces- 
sary to  understand  the  laws  governing  this  new  kind  of  oscilla- 
tion to  which  the  author  has  given  the  name  ''  cisoid." 

We  may  get  a  somewhat  clearer  idea  of  these  oscillations,  as 
the  author  states  that  they  are  uniquely  simple,  because  the 
ratio  of  the  instantaneous  electromotive  force  to  the  instantane- 
ous current  is  not  a  function  of  the  time. 

Further  we  are  told  that  the  solution  for  cisoidal  oscillations 
in  any  finite  network  may  be  written  down  directly  without  solv- 
ing differential  equations  or  the  use  of  integration  or  differentia- 
tion. 

The  author  brings  out  the  fact  that  the  use  of  vectors  in  the 
solution  of  complex  quantities  in  alternating  current  theory  is 
unfortunate  and  logically  incorrect,  and  that  the  tendency  of 
such  use  of  vector  quantities  in  ordinary  alternating  current 
theory  tends  to  divert  attention  from  the  algebraic  theory  of 
complex  quantities,  which  are  of  the  greatest  practical  as- 
sistance in  the  mathematical  treatment  of  cisoidal  oscillations. 

The  mathematical  treatment  of  the  subject  by  Mr.  Campbell 
in  general  is  to  use  the  mathematical  process  known  as  deter- 
minants, in  order  to  obtain  what  he  calls  the  discriminant  A 
of  a  network,  and  in  Table  I,  is  to  be  found  effective  impedances 
or  equivalent  networks  with  two  accessible  circuits  in  terms  of 
each  other,  and  of  the  determinant  A,  As  showing  that  these 
peculiar  oscillations  may  be  indefinitely  sustained  and  that 
therefore  they  must  be  given  consideration  in  telephone  circuits, 
we  find  a  statement  to  the  effect  that  the  activity  of  the  external 
sources  of  power  which  produce  steady  cisoidal  oscillations  in  any 
invariable  network  or  one  the  constants  of  which  remain  in- 
variable may  assume  a  stationary  value  providing  such  value  is 
consistent  with  the  conditions  necessary  for  current  continuity 
and  the  conservation  of  energy. 
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The  author  has  indicated  in  a  most  satisfactory  manner  the 
mathematical  treatment  for  the  conditions  existing  in  an  infinite 
number  of  circuits  which -correspond  to  our  well-known  eddy 
currents  and  to  the  skin  effect,  or  the  unequal  distribution  of 
current  throughout  a  cylindrical  conductor,  which  as  we  know 
involves  conditions  regarding  which  we  must  make  allowances 
for  certain  quantities  of  current  for  frequencies  above  those 
nominally  used. 

In  conclusion,  and  referring  to  the  summary  given  in  the 
paper,  the  author  interprets  his  results  from  the  mathematical 
standpoint,  which  concisely  are: 

1.  The  complex  exponential  function  or  mathematical  expres- 
sion of  cisoidal  oscillations  is  a  mathematical  term  of  fundamental 
importance  in  its  own  right  and  enjoys  algebraic  power  or 
energy  relations  quite  as  important  as  those  of  real  fimctions. 

2.  The  correlation  between  sinusoidal  and  cisoidal  oscillations 
may  be  reduced  to  a  few  simple  rules  covering  power,  currents 
and  electromotive  force. 

3.  The  distribution  of  currents  in  any  network  of  conductors 
having  constant  values  is  that  of  stationary  dissipation  of  power. 

4.  The  distribution  of  cisoidal  currents  in  such  a  network  is 
reduced  to  the  equivalent  condition  of  stationary  driving  point 
impedance  or  admittance. 

5.  The  cisoidal  power  may  be  and  is  employed  as  a  most  con- 
venient means  for  investigating  the  division  of  instantaneous 
power  between  resistances  and  reactances  of  a  circuit  or  network. 

6.  Determinants  may  be  used  for  the  general  solution  of 
cisoidal  oscillations  in  any  invariable  network  or  network  having 
constant  values,  and  the  author  has  shown  how  the  different 
impedances  of  such  a  network  may  be  found  directly  and  has  also 
indicated  how  concealed  circuits,  mutual  impedances  or  self- 
irapedances  may  be  eliminated.  Also  the  author  has  given 
applications  covering  free  oscillations  and  infinite  systems  of 
circuits. 

In  conclusion  it  should  be  said  that  not  only  is  this  paper  of 
Mr.  Campbell's  fascinating  from  the  standpoint  of  the  applica- 
tion of  mathematics  to  physical  problems,  but  he  has  indicated 
a  method  of  accurately  determining  the  conditions  existing  in 
telephone  circuits  in  which  there  are  oscillations  due  to  self- 
induction  and  capacity  over  which  in  practice  we  have  practically 
no  control,  and  if  you  can  imagine  conditions  in  a  circuit  in 
which  the  ratio  of  instantaneous  electromotive  force  to  in- 
stantaneous current  is  not  a  function  of  time  we  can  to  a  small 
degree  appreciate  into  what  depths  Mr.  Campbell  has  extended 
his  investigations  leading  to  the  solution  oi  what  are  unques- 
tionably some  of  the  most  important  problems  to  be  met  in 
the  transmission  of  telephonic  currents  in  extensive  telephone 
transmission  systems. 
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NEW  AUTOMATIC  TELEPHONE  EQUIPMENT 


BY  CHARLES   S.   WINSTON 


Automatic  schemes  for  establishing  connections  between 
telephones  were  devised  early  in  the  history  of  the  telephone 
movement  and  many  of  the  first  patents,  which  were  issued  for 
telephone  inventions,  were  for  devices  which  are  the  fore- 
fathers of  the  automatic  equipment  in  use  to-day. 

During  the  first  25  years  of  telephony's  history,  a  few  auto- 
matic switchboards  were  installed,  but  it  was  not  until  the  in- 
stallation of  the  exchange  at  Grand  Rapids,  in  1903  that  auto- 
matic apparatus  received  very  serious  consideration  from  the 
general  public  or  from  engineers,  with  the  exception  of  a  few 
who  were,  in  most  cases,  personally  interested  in  its  advance- 
ment. During  the  last  eight  years  interest  in  the  automatic 
method  has  increased,  many  articles  in  regard  to  it  have  been 
written,  and  now  a  casual  mention  of  the  subject  in  almost  any 
gathering  of  men  in  the  telephone  business  is  enough  to  cause 
heated  discussion  in  regard  to  the  relative  advantages  of  manual 
and  automatic.  Recently  new  foes,  near  relatives,  of  automatic 
have  appeared  upon  the  horizon,  which  seem  destined  to  play 
very  important  parts  in  the  history  of  the  telephony  of  the 
future — the  automatic-distributing  and  semi-automatic  systems. 

In  order  to  prevent  misunderstanding,  it  may  be  well  tp  state 
that  throughout  this  paper  a  switchboard  which  requires  auto- 
matic calling  devices  or  dials  at  the  subscribers*  stations  and  no 
operators  at  the  central  office  will  be  referred  to  as  an  automatic 
switchboard.  An  automatic-distributing  switchboard  will  be 
one  in  which  automatic  switches  are  used  for  distributing  calls 
to  idle  positions  where  operators  establish  connections  by  means 
of  plugs  and  multiple  jacks,  as  in  the  well  known  manual  multiple 
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switchboard,,  and  a  switchboard  in  which  the  connections  be- 
tween lines  are  made  by  means  of  automatic  switches,  which  are 
operated  by  devices  manipulated  by  operators,  will  be  referred 
to  as  a  semi-automatic  switchboard. 

The  work  of  designing,  perfecting  and  manufacturing  an 
entirely  new  line  of  automatic  equipment  requires  an  immense 
amount  of  study  and  experiment.  For  sometime  the  company 
with  which  the  writer  is  associated  has  been  developing  apparatus 
which  will  enable  it  to  manufacture  automatic  equipment  which 
will  meet  all  of  the  requirements  of  automatic,  automatic-dis- 
tributing and  semi-automatic.  In  this  article  a  description  will 
be  given  of  parts  of  this  apparatus  which  it  is  not  expected  to  use 
in  practice,  but  which  may  be  of  interest  from  an  historical 
standpoint,  as  well  as  of  apparatus  which  with  certain  changes 
will,  in  all  probability,  be  put  to  practical  use  in  the  pear  future. 

Different  types  of  switches  are  not  required  for  each  of  these 
branches  of  automatic,  as  the  switches  which  are  suited  for  one 
can,  with  slight  modifications,  be  used  equally  well  for  the  others. 

Up  to  the  present  time,  the  "  Strowger  *'  switch  is  the  only 
one  which  has  been  used  to  any  extent.  When  used  as  a  selector, 
the  wipers  of  this  switch,  which  are  attached  to  the  shaft,  move 
vertically  in  response  to  current  impulses  caused  by  the  opera- 
tion of  the  subscriber's  dial,  and  then  rotate  horizontally  until 
idle  trunk  contacts  are  reached.  The  switches  of  the  five  fol- 
lowing types  will  do  the  same  work  as  that  done  by  this  switch, 
but  in  a  radically  different  manner.  For  the  lack  of  more 
satisfactory  names,  the  switches  will  be  referred  to  as: 

1.  Circular  poly  wiper. 

2.  Circular  long  and  short  step  with  one  driving  magnet. 

3.  Circular  long  and  short  step  with  two  driving  magnets. 

4.  Double  rotary  with  back  release. 

5.  Double  rotary  with  forward  release. 

1.  Circular  Poly  wiper  Switch 
Fig,  1  shows  a  plan  view  of  the  cirailar  polywiper  switch  and 
a  side  elevation  with  certain  parts  in  section.  For  all  practical 
purposes  it  consists  of  two  separate  switches,  each  with  a  distinct 
driving  magnet,  wipers  and  bank  contacts,  which  are  built 
together  in  one  structure  to  economize  space  and  to  facilitate 
wiring. 

Instead  of  following  the  usual  practice  of  attaching  flexible 
cords  to  the  wipers  and  thus  continuing  the  circuit  to  the  de- 
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sired  contacts  of  the  bank,  wires  are  carried  to  circular  metal 
strips  immediately  below  but  insulated  from  the  rows  of  in- 
dividual contacts.  The  wipers  serve  to  bridge  together  the 
individual  contacts  and  these  circular  strips.  In  this  manner 
all  cord  troubles  are  eliminated,  although  there  are  two  movable 
contacts  in  each  connection  instead  of  one. 

The  bank  consists  of  five  circular  rows  of  contacts,  each  row 
being  divided  into  ten  equal  groups.  There  are  two  sets  of 
wipers — the  primary  P  and  the  secondary  S.  The  former  con- 
sists of  ten  separate  single  wipers  which  are  mounted  upon 
36-deg.  centers  on  the  plate  1,  which  is  rigidly  secured  to  the 
shaft  P  S,  while  the  secondary  wipers  consist  of  10  sets  of  four 
wii)ers  each,  mounted  similarly  upon  plate  2,  which  in  turn  is 
fastened  to  the  shaft  S  S.     The  two  shafts  P  S  and  5  5  arc 


Fig.  1. — Circular  poly  wiper  switch 

attached  to  ratchet  wheels  P  R  and  5  R  respectively  and  through 
them  the  primary  wipers  are  controlled  by  the  magnet  P  M 
while  magnet  5  M  controls  the  secondary  wipers. 

When  in  normal  position,  the  primary  wipers  P  rest  upon 
contacts  C  and  the  secondary  wipers  5  upon  the  contacts  in 
line  with  and  below  contacts  C,  while  these  connections  will  be 
broken  when  the  wipers  are  moved  forward  by  the  operation 
of  the  driving  magnets.  When  the  wipers  have  moved  11  steps 
the  same  condition  will  again  be  met  and  the  switch  will  again 
be  in  normal  position. 

In  Fig.  2  is  shown  the  wiring  of  a  first  selector,  individual  to 
a  line,  using  a  switch  of  this  type,  with  the  wiring  of  a  sub- 
scriber's telephone  including  a  calling  de\rice.  When  the  switch 
is  normal  the  10  primary  wipers  will  be  in  the  positions  shown 
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at  P,  while  5  represent  the  positions  of  the  various  secondary 
wipers.  The  common  strips  M,  N,  O,  Ml,  Af2,  M3,  etc.,  are 
each  associated  with  10  contacts  instead  of  three  as  shown.  The 
system  illustrated  uses  a  single  source  of  current  for  both  sig- 
nalling and  talking,  while  a  ground  return  circuit  is  used  for 
operating  the  relays  which  in  turn  operate  the  magnets  which 
move  the  switch  wipers. 

In  order  to  assist  in  giving  an  understanding  of  this  switch, 
the  method  of  operation  of  the  circuit  shown  will  be  described 
briefly. 

A  subscriber  desiring  to  converse  with  a  second  subscriber 


Fig.  2. — Wiring  of  first  selector  polywiper  switch 

will  remove  his  receiver  from  its  hook,  thus  establishing  a  path 
for  current  through  relays  P  R  and  5  R  and  the  apparatus  in  his 
instrument.  He  will  then  operate  the  calling  device,  thus  con- 
necting springs  A  and  B  to  ground  and  breaking  contact  c  a 
definite  number  of  times,  while  current  flowing  from  ground 
over  line  conductor  L2  will  maintain  relay  S  R  in  the  energized 
position.  Each  time  the  circuit  is  broken  in  this  manner,  relay 
P  R  will  be  de-energized  and  contact  E  closed,  thus  sending 
current  through  the  primary  magnet  P  M,  and  causing  the  pri- 
mary wipers  of  the  switch  to  make  a  certain  number  of  steps. 
(Secondary  contacts  Kl  and  K2,  K3  and  K4,  K5  and  K6,  K7 
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and  K%  are  connected  together  through  wipers  whenever  the 
switch  is  in  the  normal  position.)  Immediately  thereafter  and 
just  before  the  calling  dial  returns  to  normal,  btoth  line  wires  re- 
maining grounded,  contact  D  will  be  broken  once,  thus  holding 
relay  P  R  energized  and  causing  one  de-energization  of  relay 
S  R,  For  the  ptirpose  of  illustration,  suppose  that  the  sub- 
scriber desires  conversation  with  a  second  subscriber  whose 
number  begins  with  one.  The  primary  magnet  would  then  take 
one  step,  establishing  connections  between  JIf,  iV,  0,  L  and  Q, 
and  R,  W,  T,  U  and  V  respectively.  Immediately  thereafter, 
the  de-energization  of  relay  5  ii  as  above  explained,  will  cause 
the  energization  of  relay  S  R'.  It  will  be  noticed  that  the  en- 
ergization of  the  latter  relay  will  establish  a  circuit  from  the 
negative  pole  of  battery  B,  through  the  winding  of  this  relay, 
back  contact  of  relay  R  R,  through  the  normally  open  contact  F 
of  relay  5  R'  to  the  contact  plate  0,  through  the  wiper  to  contact 
r,  and  thence  to  common  plate  M3  of  the  secondary  corttacts. 
The  energization  of  relay  S  R'  will  also  close  a  path  from  the 
alternating-current  generator  G  through  the  secondary  magnet 
5  Af ,  thus  moving  forward  the  secondary  set  of  wipers  5.  If  the 
private  contact  x  is  busy,  due  to  a  ground  on  the  corresponding 
contact  of  some  other  switch,  relay  S  R'  will  remain  energized 
and  the  switch  wipers  will  be  stepped  ahead  until  a  contact  is 
found  which  is  clear,  when  relay  S  R'  will  be  de-energized  and 
the  switch  will  come  to  rest.  The  de-energization  of  relay  S  R' 
will  close  the  talking  circuit  from  the  subscriber's  instrument, 
through  contacts  G  and  H,  and  the  primary  wipers  and  con- 
contacts,  to  the  secondary  wipers  and  thence  to  a  second  selector. 
When  the  subscriber  returns  his  receiver  to  its  hook,  relays 
P  R  and  5  R  will  be  de-energized,  thus  causing  relay  i?  i?  to  be 
energized  by  current  flowing  from  ground  at  switch  contact  U 
to  the  negative  pole  of  battery  Bl  and  locking  relay  R  R  through 
S  R'  to  battery  By  thus  cutting  off  the  circuit  from  battery  B\. 
The  energization  of  the  latter  relay  will  again  establish  a  circuit 
through  the  secondary  magnet  5  Af  to  ground  at  iV5,  while  the 
energization  of  relay  R  R  will  cause  current  to  flow  from  bat- 
tery B2  through  the  winding  of  the  primary  magnet  P  M,  a 
primary  wiper  and  contact  V  to  ground,  through  the  interrupter 
/.  The  energization  of  these  two  magnets  will  be  continued  till 
the  wipers  have  been  driven  ahead  until  they  rest  at  P  and  S 
upon  the  normal  contacts  between  the  groups,  at  which  time  the 
circuits  for  all  relays  will  be  opened  and  all  apparatus  will  be  in 
normal  position. 
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In  the  circuit  shown,  but  five  of  the  ten  primary  groups  of 
contacts  are  used.  It  will,  therefore,  be  seen  that  a  large  num- 
ber of  contacts  are  available  for  use  as  **  off  normal  "  contacts 
if  the  circuit  requirements  make  it  desirable.  This  feature  of  the 
switch  is  one  of  its  chief  advantages,  but  the  difficulties  which  are 
necessarily  met  with  in  assembling  and  in  wiring  make  it  im- 
practicable from  the  standpoint  of  manufacture  and  operation. 

2.  Circular  Long  and  Short  Step  Switch  with  One  Driving 

Magnet 
As  shown  in  Fig.  3,  the  construction  of  the  long  and  short 
step  single  driving  magnet  switch  is  similar  in  general   ap- 
pearance to  the  polywiper  switch,  there  being  10  circular  groups 
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Pig.  3. — Long  and  short  step  switch  with  one  driving  magnet 

of  10  contacts  each.  However,  there  is  but  a  single  set  of  wipers, 
which  when  moved  forward  by  the  driving  magnet  Af,  the 
magnet  M'  being  de-energized,  passes  over  one  group  of  ten 
contacts  at  each  step.  If,  however,  magnet  M'  is  energized 
at  the  time  when  the  wipers  are  being  stepped  forward,  the 
movement  of  armature  A  will  be  shortened  by  the  stop  5  and 
the  wipers  will  move  from  one  set  of  contacts  to  the  adjacent 
contacts  for  each  energization  of  magnet.  Af.  As  will  be  seen 
from  this  statement,  each  one  of  the  10  circular  sets  of  contacts 
corresponds  to  a  row  of  contacts  on  a  vertical  and  rotary  switch. 
That  is,  in  this  switch  the  wipers  instead  of  moving  a  certain 
number  of  steps  in  one  direction  and  then  rotating  at  right  angles, 
move  a  certain  number  of  long  steps  and  then  take  short  steps 
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until  they  arrive  at  contacts  of  a  trunk  line  which  is  not  in  use, 
in  the  case  of  a  selector,  or  until  the  contacts  of  the  desired  line 
are  reached,  in  the  case  of  a  connector. 

3.  Circular  Long  and  Short  Step  Switch  with  Two  Driving 

Magnets 
This  switch  is  very  similar  to  the  one  just  described.  The 
only  difference  of  importance  is  that  instead  of  using  a  magnet 
to  limit  the  stroke  and  hence  to  move  the  wipers  from  one 
contact  to  the  next,  two  separate  magnets  are  employed,  one  for 
giving  the  long  steps  and  one  for  giving  the  short. 

4.  Double  Rotary  Switch  with  Back  Release 
It  will  be  seen  upon  referring  to  Fig.  4,  which  shows  this 
switch  as  a  first  selector,  that  the  contacts  are  mounted  in  10 
separate  strips  or  groups,  each  of  which  has  10  sets  of  contacts 
(each  set  consisting  of  two  line  contacts  and  one  private  contact) 
arranged  in  an  arc  of  a  circle,  so  that  when  completely  as- 
sembled, all  contacts  point  inwardly  toward  a  common  center, 
Instead  of  using  a  single  shaft,  with  the  wipers  rigidly  attached, 
which  moves  vertically  to  select  a  group  of  contacts  and  then 
revolves  horizontally  to  select  the  trunk,  two  shafts  are  used  in 
this  switch.  One,  to  which  the  wiper  frame  is  directly  con- 
nected, rotates  in  a  horizontal  plane  to  select  the  group.  The 
second  is  so  connected  to  this  frame  that  its  downward  move- 
ment gives  the  wipers  a  second  rotary  movement,  thus  stepping 
them  upward  into  engagement  with  the  bank  contacts.  Pri- 
mary and  secondary  magnets  are  used  for  accomplishing  these 
results,  and  the  switch  is  returned  to  normal  by  means  of  a 
release  magnet.  Because  of  the  relative  arrangement  of  shafts 
and  wipers,  the  latter  move  four  or  five  times  as  great  a  distance 
as  the  former  for  each  energization  of  either  the  primary  or 
secondary  driving  magnet,  and  hence  the  movement  of  the  arma- 
tures of  these  magnets  is  exceedingly  small.  It  has  been  found 
from  experiment  that,  due  to  this  construction,  switches  of  this 
type  operate  satisfactorily  when  the  voltage  of  the  storage 
battery  used  therewith  is  as  low  as  35  and  that  the  height  to 
wb'ch  the  voltage  may  rise  does  not  affect  the  operation,  as 
current  of  any  voltage  which  the  relays,  used  with  the  switch, 
can  stand  without  injury  may  be  employed.  Hence,  it  is  not 
necessary  to  use  two  sets  of  batteries — one  for  discharge  while 
the  other  is  being  charged — or  to  resort  to  the  use  of  extra  storage 
cells  or  counter  e.m.f .  cells  to  maintain  a  constant  voltage. 
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This  switch  is  constructed  so  that  the  switch  proper,  con- 
sisting of  relays,  wipers  and  driving  magnets,  is  supported  by  the 
frame  of  the  contact  bank  in  such  a  way  that  the  switch  can  be 
removed  instantly  if  trouble  occurs  without  it  being  necessary  to 
unsolder  wires.  The  contact  bank  is  fastened  to  the  iron  frame- 
work which  supports  all  switches  and  hence  the  multiple  wires 
do  not  support  the  bank  when  a  switch  is  removed. 


Fig.  4 


Fig.  5 


5.  Double  Rotary  Switch  with  Forward  Release 
This  switch,  which  is  shown  in  Fig.  5  as  a  connector,  is  similar 
in  many  respects  to  the  switch  just  described.  The  arrangement 
of  the  bank  contacts  is  similar  although  more  space  is  provided 
in  this  switch  in  order  to  facilitate  the  multiple  wiring.  Primary 
and  secondary  magnets  give  the  wipers  a  double  rotary  motion 
but,  in  releasing,  the  magnet  which  has  caused  the  vertical  move- 
ment is  again  brought  into  use  and  the  wipers  are  driven  forward 
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to  the  end  of  their  vertical  stroke.  When  this  position  is 
reached,  a  projection  carried  upon  the  wiper  arm  releases  a 
retaining  pawl,  which  has  kept  the  wipers-  in  the  position  into 
which  they  were  driven  by  the  primary  magnet,  thus  allowing 
the  wipers  to  move  horizontally  due  to  spring  tension.  When 
they  have  returned  in  this  direction  as  far  as  possible,  which  is  to 
a  position  directly  above  their  normal  position,  a  second  re- 
taining pawl,  which  after  each  vertical  step  has  kept  the  shaft 
in  its  vertical  position,  will  be  released  and  the  wipers  will  be 
returned  to  normal  position. 

As  the  release  of  this  switch  is  accomplished  by  driving  the 
wipers  forward,  clean  contacts  are  at  all  times  assured.  In 
back  release  selector  switches  the  last  contacts  in  all  rows  are 
used  infrequently,  and  hence  they  become  coated  with  dirt  and 
grease,  thus  preventing  satisfactory  connections  when  it  becomes 
necessary  to  use  them.  Another  advantage  of  this  type  of 
construction  is  that  the  wear  on  all  contacts  will  be  equal  and 
hence  the  life  of  the  bank  increased. 

During  the  last  year  a  life  test  was  made  with  a  switch  of  this 
type.  The  switch  was  subjected  to  all  the  mechanical  and 
circuit  changes  which  it  would  undergo  in  practice  in  operating 
1,378,000  times,  which  is  equivalent  to  the  use  which  an  average 
switch  in  an  exchange  of  10,000  lines,  would  receive  in  37  years* 
service.  As,  however,  the  wipers  continuously  passed  over  the 
tenth  row  of  contacts,  instead  of  each  of  the  ten  an  equal  number 
of  times,  the  wear  on  these  contacts  was  equal  to  what  it  would 
be  in  370  years  of  service. 

Automatic  Calling  Devices 

Second  only  in  importance  to  the  selector  and  connector 
switches,  if  it  is  not  of  equal  or  even  greater  importance,  is  the 
calling  device  used  at  the  subscriber's  station.  The  design  of  a 
calling  device  which  will  meet  all  conditions  of  service  is  an  ex- 
tremely difficult  problem.  The  work  to  be  done  requires  com- 
plicated mechanism  which,  as  it  is  to  be  used  by  unskilled  hands, 
must  be  strong,  positive  in  operation  and  "  fool-proof."  If  a 
switch  fails  to  properly  perform  its  functions  an  attendant  who  is 
alwajrs  present  can  remedy  the  trouble,  but  trouble  in  a  calling 
device  makes  necessary  a  trip  of  the  troubleman  at  an  expense 
which  may  not  be  small. 

It  is  possible  to  design  calling  devices  of  a  great  many  dif- 
ferent types,  and  numerous  patents  have  been  issued  for  scheme^ 
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of  various  kinds.  In  connection  with  the  automatic  develop- 
ment referred  to,  calling  devices  of  six  or  seven  different  types 
have  been  made.  Some  are  of  the  "  finger-hole  "  type,  others 
employ  a  lever  for  their  operation,  while  one  has  been  developed 
in  which  the  subscriber  sets  up  the  ntunber  of  the  desired  station 
on  the  face  of  the  device  before  sending  the  impulse.  A  cut 
of  this  device  is  shown  in  Fig.  6.  Upon  referring  to  this  figure 
it  will  be  seen  that  there  are  in  the  top  plate  five  circular  open- 
ings through  which  digits  are  visible.  Extending  from  the  side 
of  the  device  below  these  openings  are  five  buttons  which  when 
turned  either  to  the  right  or  to  the  left  change  the  figiu-es  from 
1  to  0.  Therefore,  it  is  possible  to  set  up  any  nimiber  between 
00000  and  99999,  or  in  other  words  to  use  this  device  as  shown, 
in  a  one-hundred  thousand  line  system. 

The  method  of  procediu-e  in  making  a  call  with  this  device  is 
as  follows:    The  subscriber  removes  the  receiver  from  its  hook, 

turns  the  buttons  in  the  call- 
ing device  (this  can  also  be 
done  before  removing  the 
receiver  if  desired)  until  the 
proper  number  appears,  and 
turns  the  lever  at  the  right 
hand  end  imtil  a  stop  is 
^  reached.      The      mechanism 

„      ^  within  the  device  will  then 

rIG.  O 

operate  and  cause  the  opera- 
tion in  succession  of  the  selector  and  connector  switches. 
During  the  time  that  the  impulses  are  being  sent,  the  figure- 
changing  buttons,  as  well  as  the  sending  lever,  will  be  locked 
so  that  the  subscriber  cannot  interfere  with  the  signalling. 

The  advantages  of  an  instrument  of  this  type  are  obvious. 
With  calling  devices  of  the  usual  type,  a  very  large  percentage  of 
the  errors  made  in  calling  are  due  to  mistakes  of  the  subscribers, 
and  not  to  the  apparatus,  but  such  errors  cause  complaint  and 
dissatisfaction  and  often  the  loss  of  subscribers.  A  calling  de- 
vice of  this  type  will  eliminate  such  errors  entirely.  The  ob- 
jection has  been  made  to  any  device  in  which  the  number  is  set 
up,  that  if  a  wrong  station  is  called  and  the  subscriber  sees  that 
the  proper  number  is  before  him,  he  will  know  that  the  fault  is 
in  the  equipment,  and  the  eloquence  of  the  troubleman  cannot 
change  his  view.  This  is  seemingly  very  weak  argument  as 
automatic  apparatus  which  must  rely  upon  such  subterfuges  to 
retain  the  fi:ood  will  of  the  users  is  not  what  it  should  be. 
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One  of  the  calling  devices,  of  the  finger-hole  type,  which  has 
been  developed  possesses  several  novel  features.  In  operating, 
the  finger  is  placed  in  the  hole  associated  with  the  proper  number 
and  the  front  plate  rotated  until  a  stop  is  reached.  When  the 
finger  is  withdrawn  the  front  plate  rotates  backward,  imder  the 
control  of  a  very  simple  governor,  breaking  a  contact  a  definite 
number  of  times.  The  mechanism  is  not  locked  at  any  time 
and  the  subscriber  must  use  care  to  complete  the  movement  of  the 
dial  and  not  to  retard  the  front  plate  during  its  backward  stroke. 
If  either  of  these  precautions  is  disregarded  the  call  will  not  be 
made  properly.  This  dial  is  very  simple  and  inexpensive  and 
the  cost  of  maintenance  would  unquestionably  be  very  low.  It 
is,  however,  extremely  doubtful  whether,  in  the  present  state  of 
automatic,  the  general  public  can  be  relied  upon  to  use  the  pre- 
cautions necessary  for  the  satisfactory  operation  of  so  simple  a 
dial,  but  if  automatic  exchanges  increase  in  number  it  will  not  be 
surprising  to  see  a  simple  dial  of  this  sort  used,  as  soon  as 
telephone  users  are  sufficiently  educated. 

Connecting  Calling  Line  to  Switches 
Various  methods  have  been  employed  in  automatic  systems 
for  connecting  the  subscribers'  lines  to  the  first  selectors.  The 
old  Strowger  plan,  which  is  used  in  a  large  number  of  automatic 
installations,  provides  an  individual  first  selector  for  each  line, 
and  it  is  very  doubtful  whether  any  of  the  other  schemes  which 
have  been  used  up  to  this  time  are  its  equal  when  the  cost  of 
maintenance  is  considered  as  well  as  initial  cost.  Several  years 
ago  engineers  saw  that  an  individual  first  selector  was  more  ex- 
pensive than  necessary  and  various  substitutes  have  been  de- 
vised. The  scheme  which  up  to  this  time  has  been  most  ex- 
tensively used,  is  the  so-called  "  Keith  Unit "  which  has  been  de- 
scribed so  frequently  that  description  here  would  be  superfluous. 
Another  scheme  which  has  been  proposed  is  the  '*  back- 
selecting  "  scheme.  Two  relays,  a  line  and  a  cut-off,  are  fiu*- 
nished  for  each  line,  and  when  a  call  is  initiated,  the  energization 
of  the  line  relay  sets  in  motion  the  wipers  of  a  line-finding  switch, 
which  travel  over  bank  contacts  until  they  come  to  contacts 
which  are  attached  to  the  calling  line,  where  they  stop  and  thus 
connect  the  calling  instrument  to  a  first  selector. 

Another  plan  which  has  not  yet  been  used  in  practice  but 
which  has  many  advantages  is  to  use  a  small  10-  or  15-point  line 
switch  for  each  line.     In  addition   to  the  switch  mechanism, 
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which  includes  one  driving  magnet,  two  or  possibly  three  relays 
per  line  are  required  in  order  to  bring  about  the  necessary  circuit 
changes.  With  this  scheme,  when  a  subscriber  removes  his 
telephone  from  the  hook,  a  line  relay  will  be  energized  and  cur- 
rent will  be  sent  through  the  driving  magnet,  which  will  step 
forward  the  switch  wipers.  When  contacts  which  are  attached 
to  an  idle  first  selector  are  reached,  the  movement  of  the  wipers 
will  cease  and  the  circuit  will  be  continued  from  the  subscriber's 
instrument  to  the  selector.  As  one  switch  is  required  for  each 
line,  it  is  possible  that,  although  it  is  comparatively  inexpensive, 
the  cost  will  be  greater  than  that  of  either  of  the  two  other 
schemes  mentioned,  but  a  slight  additional  cost  is  seemingly 
justifiable  in  order  to  make  it  impossible  for  trouble  in  a  switch 
to  throw  out  of  service  more  than  one  line.  With  the  individual 
line  switch,  trouble  in  the  line  switch  may  prevent  the  associated 
line  from  calling,  but  it  can  have  no  effect  upon  a  second  line. 
The  circuit  of  a  switch  of  this  type  will  be  shown  later  in  con- 
nection with  the  description  of  the  circuits  of  a  complete  two- 
wire  system. 

Automatic  Switchboard 

The  automatic  switchboards  installed  previous  to  the  last  few 
years  used  local  battery  in  each  instrument  for  furnishing  talking 
current  while  the  signalling  was  accomplished  by  means  of 
current  from  a  storage  battery  located  at  the  central  office. 
These  systems  were  "  three-wire  "  systems  in  which  the  sig- 
nalling current  returned  from  the  subscriber's  station  through 
the  earth.  As  electric  car  lines  and  electric  lighting  plants  in- 
creased in  number,  it  was  found  that,  as  in  other  branches  of 
telephony,  earth  potentials  caused  trouble,  thus  making  it 
necessary,  in  extreme  cases,  to  substitute  for  the  earth  rettu-n 
an  additional  wire  for  each  line  or  a  common  return  wire,  which 
served  a  number  of  lines. 

The  first  common  battery  automatic  installations  were  also 
three- wife  systems,  but  the  trouble  due  to  signalling  through 
ground  was  so  great  that  it  was  necessary  for  engineers  to  devise 
means  which  would  enable  the  signalling  to  be  done  over  a 
metallic  circuit.  A  number  of  plans  were  proposed,  one  of  which 
was  the  use  of  the  "  slow-acting  "  relay.  That  is,  a  relay  which, 
when  energized  by  current,  will  hold  its  contacts  closed  for  a 
short  period  after  the  circuit  through  its  winding  has  been  broken. 
The  means  generally  used  for  accomplishing  this  residt  is  either 
to  place  a  copper  sleeve  over  the  core  of  the  relay  or  a  large 
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amount  of  copper  over  one  end  of  the  core.  A  relay  built  in  either 
of  these  two  ways  answers  the  purpose  admirably  and  by  in- 
creasing or  decreasing  the  air  space  between  the  armature  and 
the  pole  piece,  varying  degrees  of  sluggishness  can  be  obtained. 
The  circuits  of  a  two-wire  system  including  a  subscriber's 
instrument  with  a  calling  device  of  the  *'  set-up  "  type,  an  in- 
dividual 10-point  line  switch,  first  selector,  second  selector  and 
connector,  using  the  double  rotary  switch  with  forward  release, 
are  shown  in  Figs.  7  to  10.  It  should  be  borne  in  mind  that  it  is 
improbable  for  various  reasons  that  the  circuits  shown  or  the 
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Fig.  7. — Line  switch 

apparatus  will  be  used  in  practice  without  changes  of  a  more  or 
less  radical  nature. 

The  various  steps  which  take  place  in  establishing  a  connec- 
tion between  two  stations  as  >!  in  Fig.  7  and  B  in  Fig.  10  will 
be  as  follows: 

When  the  subscriber  at  station  A  removes  his  receiver  from  the 
hook,  he  will  establish  a  circuit  from  the  grounded  terminal 
of  battery  1  over  the  metallic  circuit  of  the  telephone  line,  through 
the  winding  of  relay  2  to  the  negative  side  of  battery  1.  Current 
flowing  in  this  path  will  cause  the  energization  of  this  relay,  thus 
establishing  a  second  circuit  through  the  winding  of  relay  3. 
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The  energization  of  the  latter  will  allow  alternating  ciirrent  from 
generator  G  to  pass  through  the  winding  of  driving  magnet  4, 
thus  stepping  forward  the  wipers  of  the  switch,  so  as  to  engage 
contacts  of  the  switch  bank.  The  connections  of  the  off -normal 
springs  0  N  will  be  changed  as  soon  as  the  wipers  have  taken  the 
first  step  from  their  normal  position,  and  hence  contacts  c 
and  a  will  be  broken  and  c'  and  a'  closed.  It  will  be  seen  that  as 
soon  as  these  changes  take  place  the  ciraiit  over  which  relay  3 
was  energized  will  be  broken  at  contact  c,  and  hence  that  this 
relay  will  then  depend  for  its  continued  energization  upon  the  con- 
dition of  the  contacts  over  which  the  private  wiper  P  is  passing. 
The  bank  contacts  of  this  switch  are  multiplied  with  the  bank 
contacts  of  other  line  switches  and  are  connected  to  first  se- 
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Fig.  8. — First  selector 

lectors.  When  a  first  selector  switch  is  in  use,  its  private  con- 
tact will  be  connected  to  ground  as  will  be  described  later.  If 
then,  the  first  private  contact  is  groimded  when  wiper  P  reaches 
it,  relay  3  will  remain  energized  and  the  driving  magnet  will 
step  the  wipers  ahead  imtil  a  second  contact  is  reached.  If  this 
contact  is  not  connected  to  ground,  relay  3  will  fall  back  to 
normal,  thus  breaking  the  circuit  through  the  driving  magnet  4 
and  the  wipers  L\  U  and  P  will  come  to  rest  upon  contacts 
ft,  V  and  ft*  respectively.  When  relay  3  becomes  de-energized, 
a  circuit  will  be  closed  through  contact  x  of  relay  2,  closed 
contact  c'  of  the  off -normal  springs,  back  contact  c*  of  relay  3, 
and  the  winding  of  relay  5.  Current  flowing  through  the  winding 
of  relay  5  will  cause  it  to  attract  its  armature,  thus  opening  the 
circuit  which  previously  existed  through  the  winding  of  relay  2. 
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This  latter  relay  wotild  fall  back  immediately  were  it  not  for  the 
fact  that  it  is  a  slow  releasing  relay.  The  instant  that  relay  5 
is  energized,  relay  R  of  the  first  selector  (Fig.  8)  will  attract  its 
annattire,  due  to  current  flowing  through  its  two  windings  and 
the  subscriber's  line  and  instnunent  in  series,  thus  causing  the 
energization  of  relay  R'  and  connecting  grotmd  through  contact 
c*  to  contact  ft*  on  the  line  switch,  and  preventing  other  line 
switches  from  connecting  with  this  first  selector.  The  energiza- 
tion of  relays  5  and  R  is  accomplished  in  a  small  fraction  of  a 
second  and  relay  2,  although  the  original  circuit  through  its 
winding  was  opened  by  relay  5,  remains  energized  over  a  second 
circuit  which  extends  from  battery  1  through  its  winding,  con- 
tacts 6*  and  c*  private  wiper  P,  bank  contact  ft*  to  ground  at  the 
armature  of  relay  R. 

The  calling  instrument  will  then  be  connected  to  a  first  se- 
lector, and  the  subscriber  will  proceed  to  set  up  on  his  calling 
device  the  number  of  the  station  desired,  for  example  5472, 
and  turn  the  starting  lever.  Contact  K  will  then  be  opened  and 
closed  five  times  while  contact  K'  remains  closed,  thus  pre- 
venting the  subscriber  from  reiceiving  a  disagreeable  click. 
Each  time  the  circuit  is  broken  and  closed  in  this  manner, 
relay  R  of  the  first  selector  will  be  de-energized  and  energized 
and  a  circuit  will  be  established  five  times  momentarily  from 
ground  at  the  armatiu*e  of  relay  R,  through  contact  K^  of  relay 
R'  contact  K*  of  the  secondary  off-normal,  thence  through  relay 
iJ*  and  the  horizontal  or  *'  primary  "  magnet,  P  Af  —  1,  in 
multiple  to  the  negative  or  non-grounded  side  of  battery.  The 
relay  R^  will  attract  its  armattu-e  the  instant  current  flows 
through  its  winding,  and  as  it  is  of  the  slow-release  type,  its 
contacts  will  remain  open  during  the  make  and  break  periods  of 
relay  i?,  and  the  primary  magnet  P  M  —  I  will  force  the  wipers 
of  the  switch  forward  one  step,  in  the  horizontal  direction,  for 
each  current  impulse.  After  the  impulses  cease  relay  R^  will 
fall  back  and  current  will  flow  from  ground  through  the  contact 
of  relay  R^  and  the  primary  off-normal  contacts  x  and  x\  (the 
three  springs  which  form  these  contacts  will  be  bunched  at  all 
times  when  the  switch  is  out  of  its  normal  position)  through  the 
secondary  off-normal  X'  to  the  negative  side  of  battery  through 
the  winding  of  relay  R*.  The  energization  of  this  latter  relay 
will  close  a  path  for  alternating  cturent  from  generator  G' 
through  the  winding  of  the  vertical  or  ''  secondary  "  magnet 
S  M  —  1  to  grotmd,  thus  causing  the  switch  wipers  to  move  verti- 
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cally  and  hence  to  engage  the  bank  contacts.  As  soon  as  the 
switch  makes  one  vertical  step,  off-normal  contacts  K}  and  K^ 
will  open  and  relay  R^  \vill  depend  for  its  continued  energization 
upon  the  condition  of  the  contacts  over  which  private  wiper  JP* 
is  passing.  As  soon  as  this  wiper  rests  upon  a  contact  which  is 
not  busy  and  hence  ungroimded,  the  flow  of  current  through  the 
relay  R*  will  cease,  thus  breaking  the  circuit  through  the  second- 
ary magnet,  and  the  switch  will  come  to  rest.  The  circtdt 
from  the  subscriber's  instrument  will  then  be  continued  to  a 
second  selector.  The  falling  back  of  relay  R*  will  place  a  ground 
upon  wiper  P',  thus  rendering  the  second  selector  busy  and 
preventing  other  first  selectors  from  being  connected  with  it. 
This  groimd  connection  will  also  cause  the  energization  of  relay 
R^  of  the  second  selector. 
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Fig.  9. — Second  selector 

After  these  circuit  changes  have  taken  place,  the  subscriber's 
calling  device  will  break  and  close  the  line  circuit  four  times, 
and  again  relay  R  of  the  first  selector  will  be  de-energized  and 
energized.  At  this  time,  however,  the  circuit  through  the 
primary  magnet  P  Af  —  1  of  the  first  selector  will  be  open 
at  the  secondary  off-normal  contact  K^,  and  circuit  changes 
similar  to  those  which  took  place  at  the  first  selector  will  occur 
at  the  second  selector  (Fig.  9).  When  relay  -R*  of  the  second 
selector  falls  back  after  an  idle  contact  has  been  located  by  the 
private  wiper  P*  the  calling  line  will  be  connected  through  the 
line  wipers  U  and  !»•  to  the  connector,  and  a  ground  connection 
will  be  placed  upon  the  private  wiper  P*  which  will  render  the 
selected  connector  busy  and  establish  a  circuit  through  which 
relay  R?  of  the  connector  will  be  energized. 
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When  the  calling  device  causes  the  de-energization  and  en- 
ergization of  relay  R  of  the  first  selector  for  the  third  time,  the 
primary  magnet  P  Af  —  3  of  the  connector  (Fig.  10)  will  move 
the  wiper  seven  steps  in  a  horizontal  direction,  while  the  slow- 
acting  relay  R^  will  retain  its  armature  in  the  attracted  position. 
When  the  impulses  cease  and  relay  R^  is  restored  to  normal, 
relay  R^  will  be  energized  over  the  path  which  begins  at  ground 
at  the  primary  off-normal  contact  P  0  N  —  i  and  extends 
through  contacts  K^  and  if*,  the  winding  of  relay  R^  to  battery. 
As  soon  as  relay  R^  is  energized,  contact  X^  will  be  closed  and 
K^  broken  and  hence  this  relay  will  depend  for  its  subsequent 
energization  upon  current  flowing  from  ground  through  contact 
K^  of  relay  R^  of  the  second  selector.     The  energization  of  relay 


Fig.  10. — Connector 

R^  will  cut  the  primary  driving  magnet  out  of  circuit  and  in  its 
stead  place  the  secondary  magnet  5  Af  —  3.  This  is  the  con- 
dition of  affairs  which  will  exist  when  the  last  set  of  impulses, 
two  in  ntunber,  is  sent  from  the  calling  subscriber's  station. 
The  secondary  magnet  5  JIf  —  3  will  give  the  switch  wipers 
their  vertical  movement  while  relay  R^  will  be  energized  a  second 
time  and  locked,  while  the  impulses  are  being  sent,  through  its 
own  contact  X"  (contact  K^^  of  the  secondary  off-normal  opens 
with  the  first  vertical  step  of  the  wipers)  and  assume  its  normal 
position  as  soon  as  the  flow  of  interrupted  current  ceases. 

At  this  stage  of  the  proceedings  one  or  two  things  will  happen, 
depending  upon  whether  the  called  line  is  busy  or  not  busy.  If 
busy,  the  private  contact  upon  which  wiper  P*  rests  will  be  con- 
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nected  to  ground  at  the  off-normal  contact  0  iV  —  2  or  at  a 
second  connector  which  is  connected  to  the  called  line.  As  a 
result  relay  R^^  will  remain  inactive  and  the  busy-back  signal 
will  be  given  to  the  calling  subscriber.  The  circuit  over  which 
this  signal  is  given  may  be  traced  from  ground  at  the  busy-back 
induction  coil  /,  through  contact  X^?  of  the  secondary  off-normal 
S  0  N  —  i  contact  K"  of  relay  i?",  to  one  side  of  the  talking 
circuit,  thence  to  ground  through  one  winding  of  relay  R  and 
also  over  the  subscriber's  line  and  through  the  second  winding  of 
relay  R,  If,  on  the  other  hand,  the  line  is  not  busy  when  the 
wiper  P'  reaches  its  private  contact,  current  will  flow  from  the 
positive  pole  of  battery  at  contact  K^'^  of  relay  iZ"  through  con- 
tact K^  of  relay  K*,  contact  K^^  of  relay  R^,  winding  W  of  relay 
R^^  to  the  private  wiper  P*,  thence  to  the  private  contact  of  the 
called  line,  through  the  winding  of  relay  15  to  the  negative  pole 
of  battery.  Current  flowing  over  this  path  will  energize  relays 
R^^  and  15.  A  circuit  which  maintains  relay  R^^  energized  will 
then  be  established,  through  the  winding  W^  and  contacts  K^ 
and  K^^,  which  will  shunt  out  of  circuit  winding  W  and  also  con- 
nect ground  to  private  wiper  P*  thus  rendering  the  called  line 
busy.  Relay  i?"  will  be  energized  immediately  after  R^^. 
When  contact  K^  of  the  latter  is  closed  ciurent  will  pass  inter- 
mittently through  the  winding  of  relay  iZ"  and  the  interrupter 
T  in  series,  thus  causing  the  contacts  of  relay  if"  to  be  closed 
and  opened  alternately,  and  connecting  ringing  ciurent  through 
the  wipers  U  and  L*  to  the  called  line.  Each  time  relay  i?" 
is  de-energized,  the  two  windings  of  relay  i?^'  will  be  connected  to 
the  line,  so  that  current  will  pass  through  them  when  the  circuit 
is  closed  by  the  removal  of  the  called  subscriber's  receiver. 

When,  in  response  to  the  ringing  of  the  bell,  the  subscriber 
answers,  relay  -R"  and  hence  -R"  and  R^^  will  be  energized,  and 
the  instruments  of  the  calling  and  called  subscribers  will  then  be 
connected  together  for  conversation.  Talking  current  for  the 
latter  will  be  supplied  through  the  winding  sof  relay  iR"  while  the 
calling  subscriber  will  receive  his  supply  of  current  from  relay  R 
of  the  first  selector. 

When  conversation  has  been  finished  and  the  called  subscriber 
hangs  up  his  receiver,  he  will  cause  the  connector  switch  to  be 
released  and  restored  to  normal,  while  this  same  act  on  the  part 
of  the  calling  subscriber  will  restore  the  line  switch,  the  first 
selector  and  the  second  selector.  The  control  of  these  three 
switches  rests  primarily  with  relay  R^  of  the  first  selector.     When 
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relay  R  is  restored  to  normal  R^  will  also  be  de-energized,  and 
current  will  flow  through  the  winding  of  relay  i?',  causing  the 
latter  to  attract  its  armature,  thus  closing  a  circuit  for  generator 
current  through  the  secondary  magnet  5Jlf  —  1.  The  latter 
will  then  drive  forward  the  wipers  of  the  switch  and  when  the 
contacts  of  off-normal  P  0  N—  1  are  opened,  the  drcuit  which 
has  previously  existed  through  I^  will  be  opened  and  the  first 
selector  will  be  in  normal  position. 

When  the  off-normal  contacts  P  O  N—  1  resume  their  normal 
positions  contact  x*  of  the  first  selector  will  be  opened  and  there- 
fore relay  2,  and  hence  relay  6  will  return  to  normal  position. 
The  de-energization  of  the  latter  will  restore  the  line  switch 
wipers  to  normal. 

When  relay  R*  became  energized,  the  circuit  from  ground  over 
the  private  P^  was  broken  and  relay  R*  of  the  second  selector 
assumed  its  normal  position,  thus  causing  the  release  of  the 
second  selector  in  a  manner  very  similar  to  that  in  whith  the 
first  selector  was  restored. 

The  method  by  which  the  disconnection  of  the  connector  is 
accomplished  may  be  briefly  described  as  follows:  Relay  i?" 
will  resume  its  normal  position  the  instant  the  circuit  is  opened  at 
the  called  subscriber's  switchhook.  The  cut-off  relay  R^^ 
will  theij  be  de-energized  but  relay  R^*  which  was  energized 
when  the  called  station  responded,  will  remain  in  its  energized 
position  due  to  current  flowing  from  ground  at  off-normal 
P  0 N—  3  through  its  winding  and  normally  open  contact  K^^ 
to  battery.  Therefore,  upon  the  de-energization  of  relay  if^*, 
relay  l?^*  will  attract  its  armature,  thus  allowing  alternating 
current  to  flow  through  the  secondary  magnet  5  M  —  3  and  also 
placing  ground  upon  the  private  contact  and  preventing  the 
connector  from  being  selected  diuing  the  time  of  release.  As 
soon  as  the  primary  off-normal  contact  is  restored  to  normal, 
relay  I?**  will  fall  back  and  open  the  circuit  through  the  secondary 
magnet.  The  switch  and  all  relays  have  then  assumed  their 
normal  position.  If  the  called  subscriber  does  not  respond  the 
control  of  relay  2?^*  and  hence  the  release  of  the  connector  switch 
will  remain  with  the  calling  subscriber. 

If,  at  the  time  a  subscriber  removes  his  receiver  from  its  hook, 
each  one  of  the  10  first  selectors  connected  to  the  line  switch  is 
busy,  the  wipers  of  the  switch  will  stop  upon  the  eleventh  con- 
tacts. As  the  eleventh  private  contact  is  dead,  relay  3  will  fall 
back  and  relay  5  will  be  energized  as  it  will  when  the  wiper  P  rests 


Digitized  by  VjOOQIC 


934  WINSTON:  AUTOMATIC  TELEPHONE         [April  26 

upon  a  contact  of  an  idle  trunk.  However,  there  is  provided  on 
this  switch  a  special  ofl-normal  contact  SON  which  is  closed 
only  when  the  wipers  are  in  the  eleventh  position.  In  this  case, 
therefore,  as  soon  as  relay  5  becomes  energized,  a  path  for  cur- 
rent through  relay  2  is  again  established  over  the  subscriber's 
line,  through  the  wiper  L^  to  ground  at  the  eleventh  contact. 
A  connection  from  the  busy-back  induction  coil  is  brought  to  the 
contact  upon  which  wiper  L*  rests  and  hence  the  subscriber  will 
be  notified  that  he  cannot  immediately  obtain  a  connection.  As 
soon  as  he  hangs  up  his  receiver,  relay  2  and  hence  relay  5  will  be 
de-energized  and  the  switch  will  be  restored  to.  normal. 

The  first  and  second  selector  switches  are  each  provided  with 
oflF-normal  contacts  (0  iV  —  4  and  0  N—  5  respectively)  which 
will  cause  the  busy-back  signal  to  be  given  to  a  calling  subscriber 
when  the  wipers  of  a  switch  have  made  eleven  vertical  steps,  as 
will  be  the  case  when  all  of  the  ten  trunks  in  a  group  are  in  use. 

In  nearly^  if  not  in  all  existing  automatic  exchanges,  battery 
current  is  used  for  driving  the  selector  wipers  to  select  an  idle 
trunk.  In  some  cases  a  break  contact  on  the  driving  magnet 
interrupts  the  ciurent,  and  in  others  an  individual  interrupter, 
which  serves  a  number  of  switches,  is  used.  As  already  stated, 
the  system  described  contemplates  the  use  of  alternating  current. 
It  is  the  intention  to  use  current  of  approximately  20  cycles  and 
as  a  result  the  wipers  will  pass  over  the  trunk  contacts  at  the 
rate  of  40  contacts  per  second.  Therefore,  in  the  case  of  the 
line  switch  one-quarter  of  a  second  will  be  required  for  the 
wipers  to  pass  over  an  entire  bank  of  ten  contacts,  and  this 
speed  is  so  great  that  there  is  no  danger  that  the  subscriber 
will  operate  his  calling  device  before  the  trunk  has  been  selected. 

Automatic-Distributing  Switchboard 
As  no  automatic-distributing  system  has  been  placed  in  opera- 
tion, it  is  interesting  only  for  its  futiu*e  possibilities.  A  multiple 
switchboard  which  is  similar  in  appearance  to  a  manual  multiple 
switchboard  will  be  used.  No  answering  jacks  or  answering 
lamps  are  necessary  and  upon  the  key  and  plug  shelves  single 
plugs  will  appear  instead  of  pairs  of  plugs.  Switches,  which 
may  be  of  the  same  general  construction  as  selector  switches 
used  in  automatic  switchboards,  are  required  and  at  each  sub- 
scriber's station  will  be  a  common  battery  telephone  of  the 
ordinary  type,  no  calling  device  or  additional  apparatus  being 
necessary. 
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In  making  a  call  the  subscriber  will  remove  his  receiver  in  the 
regular  manner,  and  by  so  doing  will  light  a  lamp  associated 
with  one  of  the  plugs  upon  the  keyshelf  at  the  operator's  posi- 
tion. It  will  be  understood  that  switches  similar  to  any  one  of 
the  five  selector  switches  already  described  and  either  an  in- 
dividual line  switch  or  a  back-selecting  arrangement  can  be  em- 
ployed to  continue  the  subscriber's  line  to  the  switchboard.  The 
operation  of  a  line  relay  in  the  back-selecting  scheme  will  set  in 
motion  two  separate  switches,  one  will  connect  its  wipers  to  the 
terminals  of  the  calling  line,  while  the  second  will  select  an  idle 
cord  at  the  first  idle  operator's  position.  When  both  of  the 
switches  have  come  to  rest,  current  flowing  through  a  relay  over 
the  subscriber's  line  will  cause  the  illumination  of  a  lamp  on  the 
keyboard  in  front  of  an  operator.  The  operator  will  throw  the 
listening  key  associated  with  this  lamp  and  ascertain  from  the 
subscriber  the  number  of  the  station  desired.  Having  received 
this  information,  she  will,  without  testing,  insert  the  plug  into 
the  multiple  jack  of  the  desired  Une,  extinguishing  the  calling 
lamp  and  lighting  in  its  place  a  second  lamp  which  acts  as  a 
supervisory.  If  the  Une  is  not  busy,  the  bell  will  then  be  rung 
automatically  until  the  subscriber  responds,  when  the  super- 
visory lamp  will  be  extinguished.  If  the  line  is  busy  when  the 
connection  is  established,  the  subscriber  will  receive  the  busy 
signal  and  upon  hanging  up  will  give  the  disconnect  signal  to  the 
operator. 

At  the  end  of  conversation  when  the  two  subscribers  have 
placed  their  receivers  upon  their  hooks,  the  supervisory  lamps 
will  light  and  the  operator  will  withdraw  the  plug  from  the 
multiple  jacks,  thus  restoring  the  switches  as  well  as  all  other 
apparatus  to  normal  position. 

With  this  scheme  a  subscriber's  line  is  not  associated  with  one 
particular  line  lamp,  as  in  the  case  of  manual  switchboards, 
but  any  subscriber  may  light  any  calling  lamp  in  front  of  any 
operator's  position.  When  a  call  is  made,  if  no  cords  are  in  use, 
the  first  idle  lamp  in  the  first  operator's  position  will  be  lighted, 
while  a  second  call  will  come  in  upon  the  lamp  of  the  next  cord 
in  the  same  position,  and  so  on  until  all  cords  at  the  first  position 
are  in  use.  Additional  calls  will  then  automatically  pass  to  the 
second  position.  In  this  way  one  operator  can  handle  all  calls 
at  certain  times  of  the  day  and  when  business  increases  a  second 
operator  can  take  up  her  duties,  then  the  third  and  as  many  as 
may  be  necessary.     It  is  not  necessary  at  the  time  of  light  load 
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for  an  operator  to  change  from  one  position  to  another  or  to 
answer  calls  in  multiple  jacks  as  the  automatic  apparatus  pro- 
vided makes  it  unnecessary.  It  can  readily  be  seen  from  the 
facts  just  stated  that  inasmuch  as  the  operators  work  more 
efficiently  than  at  a  manual  multiple  switchboard,  each  operator 
can  handle  a  greater  number  of  calls,  thus  reducing  the  total 
ntunber  of  operators  required,  and  as  a  result  the  total  ntimber 
of  switchboard  sections.  These  are  the  advantages  claimed 
for  this  system.  If  it  is  to  be  a  success,  the  advantages  must 
be  great  enough  to  outweigh  the  disadvantages  due  to  the  use 
of  automatic  switches,  as  well  as  to  the  initial  cost  of  the  equip- 
ment which  is  considerably  more  than  that  of  a  manual  switch- 
board. 

Semi-Automatic  Switchboard 

Operators  are  also  required  in  a  semi-automatic  switchboard 
but  instead  of  using  multiple  jack  equipment  as  in  the  automatic 
distributing,  each  operator  is  provided  with  a  desk  and  ap- 
paratus which  enables  her  to  receive  calls  from  subscribers,  to 
operate  selector  and  connector  switches  and  thus  establish 
connections  between  lines.  Either  individual  line  switches  or 
a  back-selecting  scheme  can  be  used  to  connect  calling  lines  to 
the  tnmk  circuits.  The  method  of  operation,  using  the  back- 
selecting  scheme,  is  as  follows: 

When  a  receiver  is  removed  from  its  hook,  the  operation  of  the 
corresponding  line  relay  sets  in  motion  a  line  selecting  switch 
which  selects  the  calling  line,  and  a  second  switch  which  selects 
the  first  idle  trunk  terminating  at  the  position  of  the  first  operator 
having  an  idle  trunk,  thus  connecting  the  calling  line  through 
these  two  switching  circuits,  and  lighting  a  lamp  in  front  of  that 
operator.  The  operator's  desk  is  equipped. with  two  or  more 
trunk  circuits,  each  requiring  a  listening  key  and  two,  three, 
four,  or  five  rows  of  ten  keys  each  for  operating  the  switches — 
the  ntmiber  of  rows  depending  upon  the  size  of  the  exchange. 
That  is,  if  an  exchange  has  an  ultimate  of  1000  lines,  three  rows 
will  be  required,  while  four  are  necessary  for  a  10,000  line  system 
and  five  for  a  100,000  line  system.  When  the  lamp  associated 
with  a  group  of  keys  lights,  showing  that  a  connection  is  de- 
sired, the  operator  will,  by  means  of  the  listening  key,  place  her 
telephone  set  in  connection  with  the  calling  line.  After  ascer- 
taining from  the  subscriber  the  number  of  the  line  desired,  she 
will  operate  the  proper  key  in  each  of  the  groups,  thus  setting 
up  the  ntunber  of  the  called  line.     Immediately  after  the  key 
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corresponding  to  the  first  digit  is  operated,  current  passing 
through  an  interrupter,  which  is  individual  to  the  trunk  circuit, 
will  o,>erate  the  first  selector  associated  with  the  line  selector, 
and  umnediately  thereafter  a  second  impulse  through  the  key 
corresponding  to  the  second  digit  will  operate  the  second  se- 
lector, and  in  the  case  of  10,000  line  system,  a  third  and  fourth 
impulse  will  complete  the  connection  through  the  connector  to 
the  called  line.  As  soon  as  the  last  impulse  has  been  sent  to  the 
connector,  the  lamp  on  the  operator's  keyboard  will  be  ex- 
tinguished and  the  trunk  over  which  the  preliminary  connection 
to  the  operator's  desk  was  made,  will  be  disconnected  and  placed 
in  condition  to  receive  a  second  call.  The  bell  of  the  called  sta- 
tion will  be  rung  automatically  and  at  the  end  of  conversation 
the  switches  will  be  disconnected,  without  the  assistance  of  the 
operator,  when  the  subscribers  hang  up  their  receivers. 

It  is  easily  seen  that  many  variations  in  the  method  of  opera- 
tion of  semi-automatic  can  be  made  and  that  there  is  a  wide 
field  for  argument  as  to  the  importance  of  certain  feattires.  It 
will  be  noted,  for  example,  that  in  the  operation  described,  the 
operator  is  disconnected  from  the  subscriber  as  soon  as  the  last 
impulse  has  been  transmitted  to  the  connector.  Hence,  if  the 
attention  of  the  operator  is  again  desired  by  the  subscriber,  for 
any  reason,  the  operation  of  the  switchhook  may  place  him  in 
communication  with  a  second  operator,  thus  causing  possible 
confusion  and  dissatisfaction. 

It  is  probable  that  before  many  years  the  differences  of  opinion 
which  now  exist  as  to  the  relative  advantages  of  manual  and 
automatic  will  disappear,  and  that  definite  standards  will  be 
adopted  for  the  various  conditions  of  practice.  It  is  possible 
that  for  localities  of  a  certain  size  one  system  will  be  used  while 
for  larger  and  smaller  installations  entirely  different  systems  will 
be  foimd  to  meet  the  requirements  more  satisfactorily.  It  is  now 
impossible  to  foretell  what  this  ultimate  solution  of  the  problem 
will  be,  and  one  who  is  bold  enough  to  attempt  to  do  so  is  putting 
his  reputation  as  a  prophet  to  a  severe  test. 
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THE  SEMI-AUTOMATIC  METHOD  OF  HANDLING 
TELEPHONE  TRAFFIC 


BY  EDWARD  E.   CLEMENT 


It  is  the  purpose  of  this  paper  to  describe  briefly  the  Clement 
automanual  telephone  exchange  system,  explain  its  principles, 
and  show  some  of  the  results  it  has  produced.  For  proper 
presentation,  and  in  order  to  make  necessary  comparisons,  the 
subject  wiU  be  developed  as  follows: 

1.  The  limitations  and  waste  necessarily  involved  in  manually 
operated  exchange  systems. 

2.  Characteristic  features  and  limitations  of  automatic 
methods. 

3.  The  principles  involved  in  the  automanual  system,  and  the 
manner  in  which  they  are  applied  to  avoid  waste,  and  secure 
increased  economy  and  efficiency. 

Manual  System 
Some  years  ago  it  was  generally  agreed  among  telephone  engi- 
neers that  the  limit  of  concentration  had  been  reached  in  the 
10,000-line  multiple  switchboard.  It  is  true  that  switchboards 
of  a  much  greater  capacity  than  this  had  been  designed  and  some 
of  them  built,  but  other  reasons  beside  the  mechanical  and 
physical  limitations  of  the  central  office  equipment  forbid  ex- 
treme concentration.  Among  these  the  most  important  factor 
is  that  of  the  increasing  ratio  of  non-earning  investment  in  the 
cable  and  wire  plant.  It  is  tmnecessary  for  me  to  recapitulate 
the  figures  that  have  been  presented  from  time  to  time  before 
the  Institute,  in  support  of  this  statement.  It  has  been  shown, 
and  I  believe  is  not  disputed,  that  over  90  per  cent,  and  in  some 
cases  98  per  cent  of  the  wires  are  idle,  on  the  average,  during  the 
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24  hotirs;  and  in  well-designed  systems  observation  has  shown 
that  the  total  number  of  connections  established  or  in  course  of 
establishment  simultaneously  at  the  peak  of  the  load  is  not  more 
than  40  per  cent  of  the  number  of  sets  of  connective  apparatus 
necessarily  provided.  This  percentage  of  course  does  not  refer 
to  line  terminals,  of  which  the  percentage  is  only  a  fraction  of 
this.  Since  the  wire  and  cable  plant  represents  a  large  propor- 
tion of  the  entire  investment  in  any  existing  system,  either 
manual  or  automatic,  it  will  be  seen  that  important  as  the 
switchboard  limitations  are,  their  effect  in  determining  the  engi- 
neering policy  is  only  contributory. 

In  subdividing  the  manual  switchboard  system  to  reduce  cost, 
another  element  of  expense  is  introduced  which  tends  largely  to 
oflFset  the  advantages  of  the  subdivision.  I  refer  to  the  necessity 
for  trunking  with  all  of  its  attendant  problems,  including  the 
provision  of  extra  trunk  operators  and  the  difficulty  of  main- 
taining the  standard  of  efficiency  as  high  as  it  would  be  in  a 
single  switchboard  exchange.  The  maximiim  efficiency  possible 
with  strictly  manual  equipment  is  reached  in  the  single  switch- 
board exchange  serving  less  than  10,000  lines  and  probably  not 
to  exceed  8,500.  (This  contemplates  of  course  the  use  of  sub- 
stantial plugs  and  jacks,  which  are  impossible  in  larger  switch- 
boards). 

For  purpose  of  comparison,  and  bearing  in  mind  the  established 
.  standard  of  efficiency,  it  may  be  well  to  note  here  the  necessary 
steps  in  manually  effecting  a  connection  of  two  lines.  Asstuning 
modem  equipment  with  so-called  automatic  ringing  and  cen- 
tralized battery,  the  subscriber  calls  by  taking  down  his  re- 
ceiver from  the  switch-hook,  which  automatically  lights  the  line 
lamp.  The  operator  notes  the  signal,  picks  up  the  answering 
plug  and  inserts  it  in  the  jack  corresponding  to  the  lamp;  then 
throws  over  her  listening  key  and  inquires  the  number;  picks  up 
the  calling  plug  and  advances  it  selectively  to  the  multiple  jack 
of  the  wanted  line;  touches  the  plug  tip  to  the  jack  thimble  for 
test  and  notes  the  result;  if  line  is  idle  inserts  the  plug;  closes  the 
listening  key;  presses  down  the  ringing  button;  observes  whether 
the  called  party  answers;  supervises  the  connection;  finally 
removes  the  plugs  and  restores  them  to  their  seats.  Should  the  line 
wanted  test  busy,  the  calling  plug  is  not  inserted,  and  the  operator 
either  advises  the  calling  subscriber  of  the  fact,  or  connects  the 
busy-back  signal.  For  party-line  ringing  an  additional  act  is 
the  selection  of  the  ringing  button. 
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This  statement  CQvers  the  duties  of  a  subscribers*  operator  on 
a  board  having  no  trunking.  The  use  of  trunks  introduces  not 
only  complication,  but  uncertainty  and  delay.  In  most  manual 
systems  the  subscribers'  or  A  operators  commtmicate  with  the 
B  operators  over  order  wires,  which  requires  the  B  operators 
after  receiving  the  numbers  to  answer  back  and  designate  the 
trunks  to  be  used  in  the  connections.  Uncertainty  results, 
because  the  chances  for  error  are  obviously  multiplied,  and 
delays  result  which  are  equally  obvious,  since  each  trunk  con- 
nection must  go  through  two  operators.  Both  the  delays  and 
the  uncertainties  affect  the  eflSciency  of  the  equipment  and  lower 
its  earning  power,  as  well  as  the  efficiency  of  the  service.  Ob- 
servation has  shown  that  a  very  large  percentage,  rising  as  high 
as  between  80  and  90,  of  all  irregularities  reported  is  due  pri- 
marily to  the  trunking  system.  As  an  example  of  cost,  in  the 
West  Exchange  of  the  Kansas  City  Home  Telephone  System, 
the  cost  of  handling  trunked  calls,  amounting  to  25  per  cent  of 
the  total  traflSc,  is  over  31  per  cent  of  the  entire  operating  ex- 
pense chargeable  to  that  particular  exchange.  As  the  Kansas 
City  Company  has  an  economical  schedule  in  vogue,  this  per- 
centage is  fairly  illustrative  of  the  condition  in  general. 

The  limit  of  subdivision  in  the  manual'  system  is  reached 
when  the  saving  in  interest  charges  on  the  investment  in  the 
centralized  cable  and  wire  plant  is  balanced  by  the  losses  due  to 
the  increase  in  operating  expense  and  the  lowering  of  efficiency 
of  operation  due  to  trunking.  To  make  this  clear,  it  should 
be  understood  that  in  providing  for  traffic  between  switching 
centers  or  exchanges,  the  number  of  trunk  pairs  required  bears 
no  definite  or  fixed  relation  to  the  number  of  lines,  but  varies 
with  several  factors  which  must  be  determined  for  every  plant. 
Assuming  a  minimum  average  number  of  trunks,  bearing  the 
same  percentage  relation  to  the  total  number  of  lines  that  the 
total  load  or  number  of  simultaneous  connections  would  bear 
at  the  peak,  there  would  of  cotirse  be  a  very  large  saving  in  first 
investment,  but  it  would  have  to  be  effected  by  a  perfect  sub- 
division of  the  system  into  districts  or  sub-centers  which  would 
bear  a  fixed  and  invariable  average  relation  to  each  other. 
Perfect  subdivision  of  this  kind  is  only  theoretically  possible, 
and  it  can  very  readily  be  shown  that  a  saving  by  subdivision 
of  say  30  or  40  per  cent,  in  a  large  exchange  carrying  a  heavy 
traffic  load,  in  most  cases  would  be  offset  by  the  increase  in 
operating  expense.     For  example,  reference  may  be  made    o 
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conditions  in  New  York,  where  the  trunking  runs  to  over  90  per 
cent  in  certain  exchanges.  In  Detroit,  the  average  trunking 
percentage  for  all  the  exchanges  was  recently  figured  over  55. 
A  subscribers*  or  A  operator  in  these  exchanges  cannot  average 
over  185  calls  per  hour,  while  the  B  operators  would  average 
about  350  in  the  busy  hour  and  the  general  average  for  24  hours 
would  be  under  180  peril  operator-hotir.  The  effect  of  the  high 
percentage  of  trunked  calls  is  apparent  when  this  is  compared 
with  the  operators'  averages  in  exchanges  where  the  trunking 
percentage  is  zero.  In  such  an  exchange  an  A  operator  working 
under  the  method  I  have  outUned  can  handle  between  280  and 
290  calls  in  the  busy  hour  and  the  average  for  24  hours  would  be 
about  175  per  operator-hour.  This  will  be  referred  to  again,  in 
connection  with  the  diagrams  and   tables. 

Next  to  the  Umitation  imposed  by  the  necessities  of  trunking, 
the  arbitrary  arrangement  and  grouping  of  subscribers'  lines  on 
the  A  positions  must  be  considered.  The  switchboard  is  di- 
vided into  sections  to  which  all  the  lines  are  multipled  with  three 
operators*  positions  per  section  arranged  so  that  any  one  of  the 
operators  can  reach  a  multiple  or  calling  jack  of  any  line  entering 
the  exchange.  For  answering  purposes  each  position  is  equipped 
with  a  certain  number  of  answering  jacks  with  their  accompany- 
ing signal  lamps.  The  distribution  of  the  lines  among  these 
answering  jacks  is  arbitrary,  and  determined  empirically  by  the 
requirements  of  the  service.  Inasmixch  as  no  fixed  and  in- 
variable rule  can  be  laid  down  covering  the  percentage  of  calls 
originating  in  a  given  time  in  any  one  group  of  lines,  obviously 
the  number  of  answering  jacks,  or  the  number  of  lines  to  be 
handled  by  each  operator,  must  be  limited  approximately  by 
average  or  normal  traffic  conditions  in  the  btfsy  hotu*.  In  the 
Louisvijle  Home  Exchange,  for  example,  where  the  average  is 
18.2  calls  per  line  per  day,  the  average  number  of  lines  per 
operator  is  about  105,  and  these  are  all  individual  lines,  no 
party-line  service  being  given.  In  the  Bell  Exchange  at  De- 
troit, where  the  load  is  very  heavy,  the  calls  averaging  over 
22  per  line  per  day,  the  number  of  lines  per  operator  is  about  90. 
The  development  of  party-lines  is  about  60  per  cent.  The 
Louisville  exchange  serves  10,000  subscribers,  with  six  per  cent 
trunking,  and  an  average  of  182,000  originating  calls  per  day  of 
24  hours.  Assuming  that  there  would  be  16,500  calls  during  the 
busy  hour,  if  perfect  distribution  among  the  operators  could  be 
obtained,  without  otherwise  changing  the  character  of  the  switch- 
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board,  a  maximum  number  of  57  operators  only  would  be  re- 
quired in  the  busy  hour  instead  of  63  or  a  saving  of  about  10  per 
cent. 

A  number  of  schemes  have  been  suggested  for  secimng  this  or  a 
greater  saving,  all  depending  on  the  same  fundamental  principle 
of  automatic  intermediate  distribution,  by  the  use  of  a  traflBc 
distributor.  That  none  of  these  schemes  have  gone  into  general 
use  is  at  least  a  persuasive  argument  that  this  sort  of  distribu- 
tion is  recognized  as  a  mere  makeshift,  and  of  itself  is  not  at- 
tractive in  view  of  the  expense  of  its  installation  and  the  reten- 
tion of  the  other  objectionable  features  of  the  manual  board. 

In  considering  the  figures  given  for  this  distribution,  and  its 
effect  on  the  number  of  operators,  it  should  of  course  be  borne 
in  mind  that  below  a  certain  point  on  the  load  curve  there  is  a 
loss  of  eflSciency  in  any  system,  reached  when  the  total  load  falls 
below  the  capacity  of  one  or  two  operators  to  handle.  This  loss 
would  be  minimized  however  by  the  concentration  of  all  calls 
at  one  part  of  the  board  when  the  load  is  very  light,  the  effect 
being  to  save  patrolling,  which  must  be  practiced  at  present, 
since  calls  may  come  in  on  any  position. 

The  limitations  of  the  manual  board  may  be  briefly  stun- 
marized  as  follows:  (1)  the  necessity  for  each  act  required  in 
establishing  and  taking  down  a  connection  to  be  performed  by 
the  operator  "  by  hand  ";  (2)  the  arbitrary  and  empirical  group- 
ing of  lines  on  answering  positions;  (3)  the  small  ntmiber  of  lines 
(relatively  to  the  size  of  any  well-settled  district  to  be  served) 
which  can  be  concentrated  at  one  operating  center  and  handled 
by  one  group  of  operators,  due  to  the  mechanical  limitation  of 
space  for  multiples,  and  the  cost  of  the  cable  and  wire  plant; 
(4)  the  great  loss  in  eflSciency,  increase  in  operating  expense,  and 
depreciation  of  the  investment  in  the  multiple  portion  of  the 
switchboard,  as  the  percentage  of  trunked  calls  rises. 

The  existence  of  these  limitations  is  generally  recognized  by 
companies  operating  manual  boards,  but  not  their  extent. 
Traffic  men  know  that  at  the  very  peak  of  the  load  in  any  ex- 
change the  number  of  plugs  and  cords  in  simultaneous  use 
rarely  exceeds  33J  per  cent  of  the  total  number  provided,  which 
means  an  over-provision  of  200  per  cent  of  connective  ap- 
paratus, with  its  attendant  keys,  signals,  relays,  etc.,  neces- 
sitated by  the  fact  that  one  group  of  lines  may  be  very  busy 
while  another  group  is  comparatively  idle.  Some  companies, 
where  the  trunking  percentage  exceeds  85,  omit  the  multiples 
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entirely  from  their  A  boards.  The  cost  of  these  multiples  con- 
stitutes a  very  large  percentage  of  the  total  cost  of  the  board, 
and  this  cost  is  not  justified  when  their  maximum  possible  eflS- 
ciency  (which  is  low  in  itself,  due  to  other  factors,)  is  reduced 
by  something  like  85  per  cent;  but  their  omission  increases 
operating  expense,  and  introduces  additional  error,  because  it 
necessitates  the  trunking  also  of  the  remaining  15  per  cent  of 
calls,  giving  really  100  per  cent  trunking. 

Apart  from  the  first  cost  and  the  expense  of  operating,  the 
cost  of  maintenance  on  a  manual  switchboard  is  out  of  all  pro- 
portion to  its  efficiency.  A  vital  part  of  such  a  switchboard  is 
the  equipment  of  cords  and  plugs,  and  the  renewal  of  cords  re- 
quires constant  attention  and  causes  continuous  expense.  More- 
over, it  needs  only  a  moment's  reflection  to  appreciate  the  effect 
of  defective  cords  on  total  efficiency  of  the  service,  and  in  part 
on  its  most  vital  feature,  that  of  transmission.  A  cord  com- 
mences to  depreciate  the  moment  it  goes  into  service,  and  in 
spite  of  renewals,  the  cords  along  the  board  can  never  be  at 
100  per  cent  efficiency  as  compared  with  other  portions  of  the 
circuit.  Inasmuch  as  every  conversation  takes  place  through 
some  cord,  it  follows  that  so  much  of  the  transmission  as  depends 
upon  cord  efficiency  can  never  equal  that  through  other  portions 
of  the  circuits  consisting  of  solid  wires  and  the  good  metallic 
contacts  of  well  made  plugs  and  jacks,  and  keys. 

Automatic  System 
Turning  now  to  full  automatic  methods,  we  recognize  that  a 
number  of  the  limitations  and  disadvantages  of  the  manual 
switchboards  are  thereby  eliminated,  but  others  are  added  which 
are  unavoidable,  even  in  the  best  automatic  systems.  It  is 
true  that  the  full  automatic  system  is  much  more  flexible  than  a 
manual  system  could  be,  permitting  subdivision  to  an  extent 
which  in  manual  practice  is  impossible,  and  it  is  also  true  that 
the  operator  factor  is  to  a  certain  extent  reduced.  It  is  equally 
true,  however,  that  there  are  mechanical  and  electrical  limita- 
tions to  subdivision,  that  a  certain  number  of  operators  are  un- 
avoidable and  constantly  required,  that  the  first  cost  and  cost 
of  maintenance  of  a  system  are  considerably  increased  by  the 
location  of  sending  devices  at  all  subscribers'  stations,  and  that 
a  meretricious  and  contradictory  method  of  operation  is  adopted, 
which  in  itself  constitutes  not  only  a  departure  from  sound 
fundamental  principles,  but  also  a  limitation,  felt  in  proportion 
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to  the  diversity  of  and  increase  in  miscellaneoiis  traffic.  To 
put  this  in  a  word,  the  human  element  which  is  indispensable  to 
the  rendition  of  good  service,  whether  by  mechanical  or  other 
means,  is  removed  from  contact  with  the  calling  subscriber,  who 
is  forced  to  do  his  own  operating. 

A  certain  percentage  of  operators  have  been  found  indis- 
pensable, however,  in  all  automatic  exchanges  of  any  size.  Pay 
station  lines,  many  branch  exchanges,  trunk  positions  for  branch 
exchanges,  trunk  positions  for  long  distance,  and  the  like,  all 
require  operators  just  the  same  as  they  do  in  the  manual  systems, 
and  in  addition  a  certain  ntunber  of  persons,  whose  functions 
are  not  always  clearly  suggested  by  their  titles,  are  and  of  ne- 
cessity must  be  employed  to  render  first  aid  to  the  injured,  or 
otherwise  stated  to  connect  themselves  to  lines  which  have  diffi- 
culty in  mechanically  effecting  selection  of  other  wanted  lines, 
and  either  digitally  or  electrically  assist  the  switches  to  perform 
their  normal  fimctions.  Off  normal  lamps  and  various  types  of 
trunk  signals,  when  supplied,  together  with  the  keenly  trained 
sixth  sense  of  these  persons,  enable  them  to  locate  apparatus 
which  is  not  properly  working,  and  having  some  expert  duties, 
it  may  safely  be  assumed  that  in  every  exchange  their  average 
pay  is  at  least  $60  per  month,  which  is  double  the  pay  of  a  good 
manual  operator. 

In  certain  typical  automatic  plants,  notably  one  serving 
10,000  subscriber  lines  in  a  large  city  in  Ohio,  without  any  party 
line  service,  the  number  of  these  mechanicians  is  on  a  basis  of  one 
for  every  700  lines.  Taking  these  as  equal  to  double  the  nimiber  of 
ordinary  operators  in  point  of  wage,  we  have  the  equivalent  of 
about  29  ordinary  operators,  serving  350  lines  per  operator. 
In  addition  to  the  automatic  equipment,  a  manual  switchboard 
is  provided  at  which  the  operators  handle  private  branch  ex- 
change trunks,  pay  station  lines,  and  the  like.  At  all  but  five  of 
the  private  branch  exchanges  manual  operators  are  employed. 
The  use  of  manual  equipment  supports  the  previous  statement, 
and  moreover  the  automatic  equipment  is  concentrated,  and  the 
manual  equipment  is  subdivided,  so  that  to  a  large  extent  the 
peculiar  advantages  of  both  are  lost.  It  should  be  here  stated 
that  in  the  plant  referred  to,  out  of  83  private  branch  exchanges 
78  are  equipped  with  manual  switchboards  handled  by  local 
operators,  and  only  five  are  fully  automatic. 

These  figures  are  rendered  more  significant  by  the  fact  that 
the  traffic  originating  in  private  branch  exchanges  in  any  city 
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is  far  in  excess  of  the  average  calls  per  line  throughout  the  rest 
of  the  system.  Thus  the  largest  users  of  the  service  in  this 
system  are  handled  by  manual  methods  practically  to  the  exclu- 
sion of  automatic. 

The  sending  devices  or  dial  machines  located  at  all  the  sub- 
scribers' stations  in  any  automatic  system  are  objectionable  for 
three  reasons :  the  first  is  the  original  cost ;  the  second,  added  cost 
of  maintenance  and  increased  liability  to  derangement  and  conse- 
quent poor  service  due  to  instrument  defects ;  and  the  third,  the 
uncertainty  in  transmission  of  controlling  impulses  for  switches, 
over  lines  of  varied  length  and  resistance,  which  moreover  are 
exposed  to  varying  external  conditions. 

The  simplest  form  of  subscribers'  sender  is  a  dial  or  equivalent 
key  controlling  a  pair  of  contacts  in  the  metallic  circuit.  It  need 
scarcely  be  pointed  out  that  this  insertion  of  another  contact  in 
the  talking  circuit  is  in  itself  a  detrimental  feattu"e.  Passing  this 
however,  and  without  criticism  of  specific  designs  of  senders, 
it  may  be  stated  that  the  first  cost  of  the  sender,  plus  the  in- 
vestment represented  in  interest  by  the  annual  maintenance 
charge  added  thereby,  more  than  doubles  the  cost  of  the  sub- 
scribers' equipment,  as  compared  with  a  simple  manual  common 
battery  telephone  set.  The  increase  in  cost  alone  of  a  fully 
equipped  automatic  telephone  over  corresponding  types  of 
manual  telephones  is  more  than  $0  per  cent  allowing  nothing 
for  added  maintenance. 

Again,  the  repeating  relays  which  respond  to  line  impulses  and 
directly  control  the  switches,  must  be  balanced  against  their 
respective  switch  operating  magnets.  As  these  relays  are 
forced  to  work  on  current  impulses  transmitted  through  lines  of 
varied  length  and  resistance  and  with  many  different  senders, 
it  is  apparent  that  the  working  must  be  to  some  extent  marginal, 
especially  between  widely  separated  centers. 

Manual  vs.  Automatic  Operation 
The  subscriber  in  the  manual  system  is  sold  ser\dce,  there 
being  a  difference  in  degree  only  and  not  in  kind,  between  this 
service  and  that  rendered  by  a  messenger  company.  The  first 
requirement  for  such  service  is  special  capacity,  and  for  this 
training  and  discipline  are  both  indispensable  requisites.  A 
messenger  company  trains  its  employes,  and  the  manual  tele^ 
phone  company  trains  its  operators,  and  in  addition  maintains 
discipline  almost  military  in  its  strictness.     But  the  requirements 
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made  of  an  operator  in  handling  common  battery  manual  switch- 
board appliances  are  but  little  more  exacting  or  onerous  than 
those  imposed  in  the  handling  of  his  calling  dial  and  the  manipu- 
lation of  ringing  button,  on  the  automatic  subscriber,  who  has  no 
advantage  of  acquired  poise  and  methodical  habit,  as  have  the 
manual  operators.  However,  the  question  of  eflSciency  only  in 
the  purely  mechanical  work  of  handling  apparatus  cannot  be 
considered  without  taking  into  account  the  mental  attitude  of 
the  subscriber  toward  an  agency  which  has  already  passed  be- 
yond the  realm  of  luxury,  and  become  an  absolute  daily  de- 
pendence in  every  function  of  social  and  business  life.  Taken  in 
the  mass,  subscribers  must,  and  observation  shows  they  do, 
look  upon  the  telephone  company  not  in  any  case  as  an  ag- 
gregation of  mechanism,  but  as  a  responsible  medium  and 
agency  to  which  they  can  safely  entrust  a  certain  portion  of 
their  business.  This  attitude  becomes  insistent  as  social  rela- 
tions become  closer  and  more  complicated  with  their  increase. 
The  question  is  therefore  one  of  policy  as  well  as  mechanical 
possibilities. 

For  the  specially  trained  and  poised  manual  operator,  the 
automatic  method  substitutes  the  untrained,  undisciplined  sub- 
scriber exposed  to  conditions  so  variable  that  they  are  re- 
sponsible for  a  considerable  percentage  of  the  errors  and  re- 
ported troubles  in  even  the  best  manual  systems.  Uniform  and 
efficient  operation  of  mechanism  under  such  conditions  is  prob- 
lematical, and  no  fair  test  has  yet  been  afforded  on  a  sufficient 
scale,  and  with  a  widely  enough  extended  full-automatic  area  to 
furnish  satisfactory  affirmative  arguments  for  the  principle  of 
subscriber-operation. 

The  saving  effected  in  operators  by  the  use  of  a  full  auto- 
matic system,  it  may  safely  be  assumed  from  the  facts  herein 
stated,  is  only  a  percentage  saving  which  varies  with  traffic 
and  other  conditions,  but  would  probably  never  exceed  50 
per  cent  under  the  most  favorable  conditions,  even  allowing 
for  the  switchboard  men  and  other  skilled  employes  in  the 
manual  exchange  (since  operating  and  maintenance  must  involve 
a  certain  amount  of  expense  in  all  systems.)  Against  this  saving 
are  to  be  set  interest  on  the  extra  first  cost  and  the  additional  main- 
tenance on  the  subscribers' instrument  equipment,  due  to  the  ad- 
dition of  senders.  This  cost  in  a  10,000  line  exchange  may  be  esti- 
mated at  not  less  than  $25,000,  and  the  extra  maintenance  charge 
at  not  less  than  $5,000,  or  a  total  annual  figure  of  not  less  than 
^,250,  not  including  depreciation.     The  depreciation  factor  is 
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relatively  high,  because  the  subscribers'  sender  is  not  only 
exposed  to  constant  use,  but  unskilled  use  and  accident  as  well. 
Reports  show  sender  trouble  as  high  as  65  per  cent  of  all  instru- 
ment trouble.  The  figure  given  may  therefore  be  regarded  as 
conservative.  The  salaries  of  80  operators,  at  an  average  of 
$25  per  month  would  be  $24,000  a  year,  so  that  more  than 
25  per  cent  of  the  saving  in  operators'  salaries  is  represented  by 
the  additional  outlay  for  the  subscribers'  automatic  equipment 
alone. 

The  point  to  consider  therefore  is  whether  a  reduction  in 
operating  expense,  assumed  at  an  unabsorbed  maximum  of 
37i  per  cent,  is  sufficient  to  justify  depriving  the  subscribers  of 
any  direct  access  to  human  intelligence,  slowing  down  the 
service,  rendering  it  uncertain,  and  finally  removing  the  principal 
ground  for  confidence  on  the  part  of  the  subscribers.  In  an  ex- 
change like  that  above  mentioned,  where  a  large  percentage  of 
calls  is  handled  manually  in  any  case,  the  reduction  would  un- 
doubtedly be  much  less  than  this  figure.  Another  point  is  that 
the  constant  growth  and  expansion  in  any  territory  must  lead 
to  more  complicated  operating  conditions,  and  a  consequent 
increase  in  the  percentage  of  enforced  manual  operating. 

It  is  generally  accepted  by  traffic  men  and  engineers  that  the 
most  important  step  in  handling  traffic  is  to  effect  quick  and  sat- 
isfactory initial  connection  of  a  calling  subscriber  with  the  central 
office  agency,  of  whatever  nature.  In  a  manual  system,  it 
may  be  taken  as  axiomatic  that  if  a  subscriber  is  given  quick 
response  to  his  calls,  subsequent  delays  are  secondary  in  their 
effect,  but  delay  in  answering  is  fatal  to  good  Service,  because  it 
immediately  destroys  the  subscribers'  feeling  of  confidence.  It 
is  at  least  partly  to  meet  this  condition  that  the  provision  of  the 
so-called  mechanicians  is  made  in  the  automatic  exchange, 
which  in  meeting  one  objection  creates  another,  because  the 
claim  of  secret  service  cannot  be  supported  when  a  force  of 
employes  is  provided  regularly  equipped  for  the  express  purpose 
of  listening  in  when  the  switches  do  not  work  properly.  It  is  no 
answer  to  this  objection  to  say  that  eaves-dropping  is  possible 
in  any  system;  because  unwarranted  listening-in  is  rare  where 
it  is  not  within  the  regular  province  of  employes,  and  where 
proper  discipUne  is  maintained.  Even  in  the  manual  exchange, 
if  the  operators  are  required  to  supervise  connections  by  means 
of  their  signals,  the  occasion  and  opportunity  for  eaves-dropping 
are  lacking.     Moreover,  this  condition  is  provided  for  in  modern 
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manual  systems  by  means  of  a  special  signal  lamp  connected 
with  the  listening  keys  of  each  position,  and  tmder  constant 
observation  of  a  monitor^  The  flickering  of  this  lamp  indicates 
routine  work,  but  its  steady  burning  enables  the  monitor  to  cut 
in  her  telephone  on  the  corresponding  position  and  at  once 
detect  any  eaves-dropping.  The  provision  of  such  supervisory 
means  for  peripetetic  and  imattached  employes  would  be  difficult 
if  not  impossible  and  certainly  very  inefficient. 

In  considering  this  whole  question  of  human  agency  vs, 
answering  machine,  due  regard  must  be  paid,  it  should  be  re- 
peated, to  the  manifold  complications  constantly  arising  in 
modem  traffic,  which  if  a  high  standard  of  efficiency  is  to  be 
maintained,  require  human  intelligence.  Any  method  which  is 
based  on  the  assumption  of  100  per  cent  normal  operating  con- 
ditions must  fail  to  satisfy  actual  conditions  in  practice,  and  even 
granting  for  the  sake  of  argtunent  that  such  normal  conditions 
prevail  in  the  service  of  business  districts  during  a  part  of  the 
time,  this  takes  no  account  of  the  uncertain  character  of  residence 
communications,  where  the  discipline  due  to  general  business 
experience  and  training  is  unavoidably  lacking.  A  calling 
subscriber  whose  condition,  or  environment,  or  time,  pre- 
vents his  giving  intelligible  instructions  to  an  operator,  in  a 
deliberate  and  normal  manner,  would  certainly  not  be  able  to 
operate  mechanism  normally.  In  the  automatic  system  mis- 
guided operation  must  extend  its  effect  not  only  to  the  line 
calling  but  to  the  lines  of  other  subscribers,  and  there  is  no  means 
of  detection  tmless  the  subscribers  who  have  been  annoyed 
call  in  to  the  information  operator  or  trouble  derk,  which  in  the 
majority  of  cases  would  not  be  done.  In  a  manual  system,  after 
a  wrong  ntimber  is  ca^ed,  it  is  apparent  to  the  operator,  either  by 
direct  report  from  the  subscriber  or  by  her  own  observation, 
and  this  enables  records  to  be  made  with  some  degree  of  ac- 
curacy, as  well  as  a  remedy  for  the  trouble  applied.  Moreover, 
incomplete  or  defective  instructions  to  the  operator  of  a  manual 
board,  due  to  ignorance  or  mistake  of  the  originating  subscriber, 
axe  at  once  apparent,  so  that  the  call  can  be  blocked,  and  further 
amioyance  prevented.  Take  another  example:  Peg  counts 
have  been  taken  where  there  are  competing  systems  in  the  same 
territory,  showing  that  it  is  a  frequent  occurrence  for  calls  to  be 
made  over  one  system  for  numbers  in  the  other.  Where  one  of 
these  competing  systems  is  automatic,  and  the  other  manual, 
such  calls  on  the  manual  systems  are  readily  blocked,  but  there 
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are  no  means  in  the  automatic  system  for  blocking  calls  for 
numbers  taken  from  the  manual  directory. 

AUTOMANUAL  SYSTEM 

The  fundamental  principle  tmderlying  the  Clement  auto- 
manual  system  is  this,  that  the  calling  subscriber  should  be  met 
at  once  by  the  response  of  a  human  intelligence  which  can  direct 
the  proper  automatic  agencies  to  satisfy  his  wants;  or  in  other 
words,  that  the  correct  method  of  handling  telephone  traffic 
is  to  sell  service,  and  not  rent  apparatus.  The  analogy  in  this 
respect  between  a  telephone  company  and  a  telegraph  or  mes- 
senger company  is  striking.  Each  is  a  conveyor  of  communica- 
tions, and  fundamentally  it  would  be  quite  as  correct  for  the 
messenger  company  to  rent  bicycles  to  its  patrons,  so  that  they 
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Fig.  1. — Automanual  operating  equipment — Ashtabula  Harbor 

might  deliver  their  own  messages,  as  to  rent  mechanism  to  tele- 
phone subscribers  for  the  same  purpose.  The  analogy  extends 
even  to  the  point  of  secret  service,  because  if  it  were  claimed  that 
the  renting  of  bicycles  would  enable  patrons  to  deliver  their 
messages  secretly,  then  this  claim  would  obviously  be  defeated 
by  the  provision  of  a  corps  of  trained  bicycUsts  for  the  express 
purpose  of  watching  and  helping  distressed  amateurs  to  their 
destination,  in  order  to  see  that  each  message  is  correctly  deliv- 
ered. 

Stated  broadly,  the  automanual  is  a  combination  of  the 
manual  and  automatic  methods  which  contemplates  (1)  cen- 
tralization of  automatic  apparatus;  (2)  the  employment  and 
concentration  of  operators;  (3)  correct  subdivision  of  a  system 
for  traffic  handling. 
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I  will  amplify  these  three  points  a  little  before  describing  a 
typical  system.  First,  the  apparatus  is  all  concentrated  at  ex- 
change centers,  the  subscribers*  lines  and  telephones  being  re- 
duced to  the  naked  common  battery  type,  which  is  the  limit  of 
simplicity  at  present  attainable  in  any  system.  The  substation 
construction,  and  the  connection  and  distribution  of  lines  at 
the  exchange  centers  are  the  same  in  the  automanual  system  as 
they  are  in  any  modem  standard  common  battery  system.  The 
method  can  be  applied  to  magneto  lines  if  desired,  but  this  would 
only  be  called  for  now  in  the  case  of  rural  or  toll  lines.  With 
regard  to  the  operators,  I  have  restricted  them  to  the  only  in- 
dispensable and  essential  fimction  requiring  intelligence,  that  is, 
ascertaining  the  subscriber's  want,  and  setting  up  a  signal  by 


Fig.   2. — Automanual   operating  room — Warren,   Ohio 

which  automatic  apparatus  may  be  caused  to  supply  that  want. 
The  regtdar  duty  of  a  subscriber's  operator  permits  no  departure 
from  this  rule,  since  even  emergency  calls  can  be  handled  by 
switching  them  to  another  operator  specially  provided  for  such 
duty.  The  automanual  operator  works  at  100  per  cent  effi- 
ciency all  the  time,  and  since  her  duties  are  simple  and  unvary- 
ing, she  has  the  opportunity  of  becoming  expert,  and  moreover, 
requires  no  tedious  or  expensive  preliminary  training.  It  has 
been  found  that  one  day's  training  will  suflSce  for  an  auto- 
manual operator,  as  against  three  month's  experience  for  manual 
operators  to  produce  corresponding  efficiency.  The  actual 
preliminary  training  period,  before  putting  the  operator  in  touch 
with  subscribers,  is  about  one-half  hoiu*  for  the  automanual 
operator  as  against  three  weeks  for  the  manual  operator.     The 
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manual  operator  may  reqtdre  additional  training  if  sent  to  a 
different  exchange  in  the  same  city,  where  key  board  apparatus 
is  different,  as  well  as  the  arrangement  of  multiple;  special  train- 
ing is  also  required  to  fit  an  A  operator  for  the  duties  of  a  5 
position,  or  of  a  paystation  operator.  In  the  automantaal, 
the  method  of  operating  is  standard  in  all  exchanges  and  under 
all  conditions. 

It  is  possible  to  concentrate  all  the  operators  at  a  single  oper- 
ating center,  which  can  take  care  of  all  the  switching  or  exchange 
centers  in  a  district  or  even  in  an  entire  city,  handling  all  calls 
with  maximum  efficiency,  and  giving  uniform  service  regardless 
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Fig.  3. — General  arrangement  of  automanual  exchange 

of  the  nature  of  the  calls,  or  the  time  of  calling,  twenty-four  hours 
per  day.  This  concentration,  and  the  distribution  of  the  total 
load  over  a  single  group  of  operators,  without  regard  to  where 
the  fcalls  originated,  effects  great  economies  by  eliminating  all 
but  the  sununatic  load  fluctuations,  to  which  the  total  number  of 
operators  on  duty  is  at  all  times  directly  proportional.  A 
farther  gain  in  efficiency  is  due  to  better  discipline  and  control 
of  the  operators  where  they  are  concentrated.  Perfect  subdi- 
vision, within  physical  limits  pectdiar  to  each  territory  served, 
is  possible  with  this  system,  and  the  benefits  of  operator-cen- 
tralization are  realized  regardless  of  the  extent  of  subdivis- 
ion. In  other  words,  I  adhere  to  the  rule  of  bringing  the  operator 
into  direct  communication  with  the  calling  subscriber,  wherever 
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his  line  terminates.  Moreover,  no  talking'trunks  or  talking  appar- 
atus are  tied  up  beyond  the  actual  point  of  entry  of  the  calling 
line  until  the  operator's  duties  are  concluded.  I  call  this  a 
"  clearing-house  system  '*,  because  all  traffic  is  handled,  directed 
and  checked  from  the  operating  center  or  clearing-house,  without 
any  subscriber  connections  passing  through  the  operating  center. 
The  cable  plant  between  switching  centers  is  designed  with  a 
sole  view  to  traffic  requirements  between  these  centers,  and  with- 
out any  regard  to  the  location  or  connection  of  the  operating 
center. 


Fig.  4.— Switch 

Fig.  3  is  a  simplified  skeleton  diagram  showing  the  general 
lay-but  of  an  automanual  exchange  equipment  having  a  ca- 
pacity up  to  10,000  lines.  In  this  diagram,  five  subscribers' 
lines  are  shown,  one  of  which  is  a  five-party  line,  two  others  are 
four-party  lines,  and  the  remaining  two  are  individual  lines. 
Ringing  is  supposed  to  be  five  party  selective. 

In  this  diagram,  for  the  sake  of  clearness,  only  the  most  ele- 
mentary forms  of  apparatus  are  shown.     The  sv^dtches,  however, 


Digitized  by  VjOOQIC 


954 


CLEMENT:  TELEPHONE  TRAFFIC 


(April  26 


are  supposed  to  represent  two-motion,  one-hundred-point,  elec- 
tromagnetically-driven,  step-by-step  automatic  units,  of  uniform  . 
type,  shown  in  Fig.  4.  Percentage  tnmking  is  employed 
throughout  the  system  shown,  and  the  switches  are  equipped 
with  banks  (not  shown  in  Fig.  4)  containing  ten  vertical  rows 
of  ten  contact  pairs  each.  The  motion  is  around  and  up,  this, 
precedence  of  the  rotary  motion  affording  certain  advantages, 
among  which  is  the  easy  accommodation  of  row  test-terminals,  so 
that  the  two-motion  switch  can  be  used  for  primary  selectors.  This 
enables  the  entire  system  to  be  built  up  of  interchangeable  units. 


Fig.  5. —  100-line  unit  frames — Ashtabula 

The  method  of  aggregating  units  was  adopted  in  the  very 
beginning  of  my  work,  partly  as  a  matter  of  convenience,  but 
principally  with  a  view  to  efficiency  and  economy  in  manufac- 
ture. It  is  followed  in  this  manner:  The  individual  or  unit 
switch  is  composed  of  a  certain  number  of  interchangeable 
units,  such  as  the  spindle  with  Its  wipers,  the  frame,  and  inter- 
changeable operating  magnets;  each  switch  or  trunk  circuit,  such 
as  the  primary  and  first  selector,  the  second  selector  and  the 
connector  equipment,  is  assembled  complete  as  a  unit,  the  latest 
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designs  having  steel  mounting  plates  upon  which  the  unit 
switches  with  their  relays,  condensers,  etc.,  are  mounted  and 
wired  up  complete,  previous  to  being  assembled  on  the  racks;  a 
suflBcient  nimiber  of  switch  plates,  with  the  line  and  cut-off 
relays,  lamp  strips,  and  other  accessories,  are  mounted  on  a  frame 
section  to  form  a  100-line  unit;  and  finally  these  100-line  unit 
frames  are  aggregated  to  build  up  the  full  exchange  equipment, 
adding  thereto  of  coiu-se  the  operators'  and  wire  chiefs  desks, 
power  plant,  etc.     Five  of  these  frames  are  shown  in  Fig.  5, 


Fig.  6. — Automanual  switch-room — Warren,  Ohio.,  showing  main  frame 
and  secondary  switch  panel 

which  represents  the  Ashtabula  equipment,  with  the  wire  chief's 
desk  in  the  foreground.  The  operators*  desks  are  in  a  separate 
room.  Ten  similar  units  are  shown  in  Figs.  6  and  7,  which 
show  the  Warren,  O.,  equipment. 

In  Pig.  3,  the  circuits  have  been  laid  out  so  as  to  show  in  a 
simple  way  the  analogy  between  this  system  and  a  manual 
switchboard  system,  the  same  operations  being  performed  in 
the  same  manner  throughout,  but  automatically  instead  of 
manually.  For  example,  the  subscribers'  lines  terminate  on 
primary  selector  bank  contacts  which  correspond  to  the  answer- 
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ing  jacks  of  the  manual  board,  and  they  are  also  multipled 
to  calling  contacts  in  the  banks  of  the  connector  switches,  which 
correspond  to  the  multiple  jacks  on  the  manual  board. 
The  wipers  of  the  primary  selector  switches  constitute  the 
equivalents  of  plugs  which  cooperate  with  the  subscribers'  answer- 
ing jacks,  but  are  mechanically  driven  thereto  instead  of  by  the 
hand  of  an  operator.  The  first  selector  switches  similarly  cor- 
respond to  the  calling  plugs  of  manual  pairs,  and  the  first  selector 
trunks  extending  between  the  primary  and  the  first  selector 
switches  are  the  equivalents  of  the  cord  circuits.     The  second 


Fig.  7. — Automaniial  connecting-switch  racks — Warren,  Ohio.,  showing 
arrangement  of  100-line  units 

selector  and  connector  trunks  are  the  same  as  trunk  lines  between 
different  positions  on  a  switchboard,  the  method  of  switching 
at  each  step  corresponding  to  the  selective  insertion  of  another 
plug  to  add  another  link  in  the  connection  by  a  manual  operator. 
The  secondary  selector  switches  constitute  the  equivalents  of  the 
operators*  keys  associated  with  the  cord  circuits,  and  the  sending 
machine  operated  therethrough  sends  impulses  to  work  the 
selector  and  connector  switches,  instead  of  spoken  words  to 
direct  an  equivalent  number  of  successive  operators.  The 
primary  distributing  switch  performs  the  function  of  the  opera- 
tor's mind  in  selecting  an  idle  cord  circuit  for  any  given  connec- 
tion, and  the  secondary  distributing  switch  is  the  equivalent 
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of  a  monitor  distributing  calls  among  the  operators,  by  directing 
each  one  of  them  when  to  answer. 

The  ringing  selector  switches  take  the  place  of  the  selective 
buttons  of  B  or  trank  operators  so  that  the  selection  of  the  de- 
sired generator  to  ring  a  partictdar  subscriber  is  directed  by 
impulses  from  the  sending  machine,  instead  of  by  spoken  words 
proceeding  from  the  original  or  A  operator.  To  complete  the 
analogy,  the  releasing  means  for  all  the  switches  when  in  service 
are  controlled  by  the  connected  subscribers,  thus  corresponding 
to  the  supervisory  signals,  by  which  in  a  manual  system  the 
subscribers  can  instruct  the  operators  to  clear  out. 

All  subscribers'  lines  are  represented  by  terminals  in  the 
primary  selectors  and  in  the  connector  banks,  and  while  the 
method  of  trunking  shown  is  only  a  contributory  feature  of  this 
lay-out,  the  diagram  will  be  fully  described,  for  the  benefit  of 
those  who  may  not  be  entirely  familiar  with  this  class  of  circuits. 
I  might  state  in  passing  that  there  are  a  great  many  features  of 
special  design  in  the  automanual  circuits,  but  they  involve  so 
much  detail  that  the  limits  of  the  present  paper  do  not  permit 
my  presenting  them  at  this  time. 

The  progress  of  a  call  is  from  the  calling  subscriber  through  an 
idle  primary  selector,  which,  becomes  automatically  attracted 
to  his  line,  and  thence  through  a  secondary  selector,  similarly 
attracted,  to  an  idle  operator.  Under  no  conditions  is  this  de- 
parted from ,  even  in  subdivided  systems .  The  principle  is  that  the 
operator  should  be  brought  into  direct  touch  with  the  subscriber  at 
the  very  outset,  precisely  as  in  a  manual  system.  Having  ascer- 
tained the  number,  the  operator  sets  up  this  number  on  her 
key  set  (Figs.  10  to  12)  and  sends  impulses  through  her  cir- 
cuit to  the  first  selector,  second  selector,  connector,  and  ringing 
selector  switches,  thus  establishing  the  wanted  connection  and 
also  starting  agencies  in  the  connector  circuit  which  continue 
thereafter  automatically  to  ring  until  the  called  subscriber 
answers  or  the  calling  subscriber  hangs  up  the  receiver.  After 
initiating  the  call,  the  calling  subscriber's  line  is  connected 
through  the  primary  and  secondary  selector  switches  to  the 
operator  in  every  case,  and,  further  movement  of  a  subscriber's 
hook  or  the  repeated  opening  and  closing  of  the  circuit,  will  not 
reach  more  than  one  operator,  and  cannot  disturb  general  traffic 
conditions.  A  special  busy  tone- test  is  provided,  brought  into  ser- 
vice through  the  first  selector  trunks  so  that  it  is  audible  to  the 
operator  when  she  comes  in  on  a  calling  line  if  the  calling  sub- 
scriber has  hung  up  his  receiver.    This  happens  sometimes  through 
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change  of  purpose  or  the  like,  and  it  is  highly  essential  that  the 
automanual  operator  should  not  experience  the  slightest  delay, 
nor  pay  attention  to  anything  except  the  rigid  rule  of  getting 
the  number  and  setting  it  up.  After  the  operator  has  ans- 
wered the  calling  subscriber  is  given  ftdl  control  of  the  connec- 
tion, and  can  clear  out  and  release  all  of  the  apparatus  including 
the  operator's  set  at  any  time  up  to  the  moment  when  the  called 
subscriber  answers.  Thereafter,  the  called  subscriber  assumes 
control  of  the  connector  switch,  which  he  can  release  so  as  to 
clear  his  line  by  merely  hanging  up  his  receiver.  This  prevents 
tying  up  the  called  line. 

When  the  operator  connects  the  sending  machine  to  the 
switches,  through  her  key  set,  impulses  are  sent  in  groups  cor- 
responding to  the  several  keys  depressed,  that  is  to  the  number 


Fig.  8. — Rotary  switch 

wanted,  as  well  as  to  the  number  of  the  generator  required  to 
ring  the  wanted  party,  if  it  be  a  party-line.  The  first  group  of 
impulses  steps  around  the  first  selector  switch  to  pick  out  a  group 
of  second  selector  trunks,  and  an  idle  trunk  in  that  group,  leading 
-to  the  wipers  of  the  second  selector  switch.  The  second  group 
of  impulses  works  this  second  selector  switch  to  pick  out  a 
group  of  connector  trunks,  and  an  idle  trunk  in  that  group,  termi- 
nating on  the  wipers  of  a  connector  switch  in  whose  banks  appear 
the  terminals  of  the  wanted  line.  Successive  groups  of  imptdses 
are  then  transmitted  to  step  the  connector  wipers  around  and 
up  to  the  wanted  line  terminals. 

Associated  with  each  connector  switch  is  an  auxiliary  or 
ringing  selector,  having  a  wiper  sweeping  over  terminals  which 
are  connected  to  several  ringing  generators,  as  shown,  each  of 
which  supplies  current  at  a  distinctive  frequency.     In  actual 
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practice,  for  five-party  ringing,  the  frequencies  are  determined 
so  that  they  cover  about  the  same  range  as  the  older  four-party 
harmonic  frequencies,  without  the  same  liability  to  interference. 
For  these  auxiliary  selectors,  in  this  and  other  parts  of  the 
system,  a  simple  form  of  rotary  switch  is  employed,  shown  in 
Fig.  8.  The  magnet  unit  in  this  switch  is  the  same  as  the  inter- 
changeable tmits  employed  in  the  larger  switch,  and  the  wipers 
are  always  rotated  in  the  same  direction,  being  restored  to  normal 
or  zero  position  by  connecting  an  interrupter  to  the  stepping 
magnet  through  a  pair  of  extended  arc  contacts  bridged  together 
as  long  as  the  wipers  are  off  normal. 

At  the  last  stage  in  a  connection,  when  the  wanted  subscriber's 
line  has  been  picked  out  by  the  connector  switch,  and  the  ring- 
ing selector  has  been  set  so  as  to  bring  into  service  the  proper 
generator,  that  generator  is  then  automatically  and  periodically 
connected  by  a  ringing  relay  to  the  subscriber's  line  to  ring  his 
bell.  At  all  other  times  the  ringing  selector  remains  disconnected. 
The  control  of  the  primary  selector  switches  is  through  relays 
on  the  switch  racks,  responsive  to  line  current.     These  relays 

complete  local  circuits  to  place 
test  potential  on  the  row  and 
individual  test  contacts  of  the 
primary  selector  switches,  and 
at  the  same  time  close  starting 
circuits  for  the  primary  dis- 
tributors which  select  the  idle 
trunks  and  for  the  secondary 
Fig.  9.— Relay  distributors  which  select  the 

idle  operators.  A  type  of  re- 
lay is  employed  both  for  the  lines  and  switches,  shown  in  Fig.  9, 
which  is  the  result  of  much  thought  and  experiment.  This  relay 
has  the  flux  bar  bent  over  at  both  ends,  the  inner  end  being 
screwed  to  the  rack,  and  the  outer  end  carrying  the  adjustment 
for  the  magnet  core.  The  bell  crank  armature  is  dropped  through 
a  slot  punched  in  the  flux  bar  near  the  rack  end,  and  the  springs 
are  motmted  on  this  same  end,  so  that  both  the  armature  lever  and 
the  springs  extend  f  orwardly .  This  construction  gives  a  long  lever- 
age with  a  very  small  air  gap  which  is  essential  for  this  class  of 
work,  and  also  exposes  the  core  adjustment  and  spring  contacts. 
The  operation  of  the  secondary  selector  switches  is  essen- 
tially the  same  as  that  of  the  primaries.  As  soon  as  the  primary 
distributing  switch  has  determined  the  primary  trunk  to  be 
onnected  to  the  calling  line,  the  selected  secondary  or  operator's 
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switch  has  its  [starting  circuit  closed,  and  commences  to  test 
around  its  row  terminals  until  it  finds  the  row  in  which  the  se- 
lected trunk  terminal  is  found,  and  then  tests  up  that  row  until 
it  reaches  the  trunk,  where  it  stops,  and  remains  connected 
to  the  trunk  until  finally  released  in  one  of  three  ways,  viz.,  by 
the  calling  subscriber  hanging  up  after  the  operator  has  answered, 
or  by  the  operator  clearing  out  manually  by  the  sending  machine 
at  the  conclusion  of  a  cycle  of  impulses,  whereby  a  complete 
connection  is  established.  A  very  distinct  advantage  is  gained 
by  the  use  of  two-motion  switches  for  primary  and  secondary 
selectors,  because  there  being  ten  rows  of  bank  terminals  of  ten 


Fig.  10. — Automanual  operators  desk  with  three  key-sets.     Ashtabula 

Harbor,  Ohio 

each,  the  entire  one  hundred  may  be  tested  in  a  maximum  of 
twenty  steps  of  the  switch.  The  interrupters  and  sending 
machine  are  timed  so  as  to  deliver  at  the  rate  of  about  one 
thousand  impulses  per  minute,  with  the  battery  voltage  normal. 
Any  drop  in  the  battery  which  would  affect  the  switches  is 
compensated  by  a  corresponding  drop  in  speed  of  the  sending 
machine.  At  the  normal  speed  stated,  however,  a  high  number 
line  in  the  calling  group  and  a  high  number  trunk  in  the  cor- 
responding group,  can  both  be  found  and  connected  in  less 
than  one  and  a  half  seconds.  Where  the  numbers  are  low,  the 
action  is  practically  instantaneous,  and  it  is  to  be  noted  that  the 
primary  and  secondary  switches  are  operated  simultaneously, 
that  is  to  say  the  primary  is  testing  for  the  line  while  the  second- 
ary is  testing  for  the  trunk. 
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Each  operator  has  three  key-sets  mounted  on  a  suitable  desk 
(Figs.  10  and  11),  each  having  associated  with  it  certain  signals 
which  guide  the  operator  in  the  performance  of  her  duties.  The 
key-set  in  general  appearance  and  arrangement  is  quite  similar  to 
the  key  board  of  an  adding  machine  or  typewriter  (see  Fig.  12), 
consisting  of  a  number  of  strips  of  ten  keys  each  (see  Fig.  13), 
numbered  from  one  to  naught  in  each  vertical  row.  One  of  the 
signals  associated  with  these  keys  is  a  calling  lamp,  which  is 
lighted  automatically  when  the  key-set  becomes  connected 
through  the  secondary  switch  to  a  first  selector  trunk  already 
connected  to  a  subscriber's  line.     Observing  the  signal,  the  opera- 


FiG.  11. — Operator's  desk 

tor  asks  the  subscriber  for  the  number  wanted,  and  proceeds 
to  depress  the  corresponding  keys  or  buttons.  She  then  presses 
a  separate  starting  key,  and  groups  of  impulses,  correspond- 
ing to  the  buttons  depressed,  will  thereupon  be  transmitted  as 
already  stated.  The  wanted  subscriber's  bell  is  automatically 
rung  at  intervals  tmtil  the  call  is  answered,  but  in  the  meantime 
it  is  both  unnecessary  and  undesirable  to  hold  the  operator 
and  so  the  secondary  switch  is  cut  off  automatically  by  the 
sending  machine  as  soon  as  the  ringing  starts. 

In  practice,  duplicate  sending  machines  are  arranged  as  shown 
in  Fig.  14,  with  gang  switches  enabling  either  to  be  thrown  in  or 
out  in  case  of  necessity.  Each  machine  comprises  a  cam  drum 
working  ten  pairs^of  number  contacts,  with  separate  controlling 
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contacts  and  a  commutator.  On  one  side  the  commutator  is 
grounded  and  on  the  other  connected  to  all  of  the  number  spring 
sets,  and  the  number  cams  are  so  located  that  in  the  rotation  of 
the  drum  they  make  and  break  at  points  of  zero  potential  on  the 
commutator,  thereby  avoiding  sparking  at  the  selective  termi- 
nals. The  operator's  key-set  is  normally  disconnected  from  the 
sending  machine,  but  is  connected  thereto  when  the  starting 
button  is  pressed,  by  means  of  a  switch  which  is  thereafter 
stepped  forward  one  step  for  each  rotation  of  the  drum,  shifting 
the  connections  for  one  key  strip  to  the  next  in  proper  sequence. 


Fig.  12. — Key  board  closed  and  open 

After  the  whole  nimiber  ol  groups  of  impulses  has  been  trans- 
mitted, the  switch  is  restored  and  the  secondary  selector  is 
released  automatically. 

There  are  a  great  many  other  features  which  I  would  like  to 
mention  here,  but  I  believe  this  brief  description  will  render 
the  general  operation  of  the  system  clear  and  enable  the  tables 
and  curves  which  follow  to  be  read  understandingly.  It  is 
pointed  out  that  from  the  moment  the  calling  subscriber  takes 
down  his  receiver  until  the  calling  lamp  lights  before  the  se- 
lected operator,  that  operator  has  no  duty  to  perform  nor  is  her 
attention  distracted.  If  in  the  course  of  events  there  should  be 
waiting  calls,  they  do  not  appear  before  the  operators  imtil  the 
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latter  are  free  to  attend  to  them,  which  is  an  important  point. 
The  instant  a  signal  appears,  however,  the  operator  being  free 
disposes  of  that  call.     The  minimum  answering  time  in  this 
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Fig.  13.— Key  board  buttons 

system  is  practically  zero.  In  handling  a  call,  the  operator  has 
only  the  buttons  to  depress,  and  as  shown  in  Fig.  13,  these  are 
especially  designed  to  require  as  small  an  expenditure  of  energy 
as  possible.  The  swinging  bar  engages  the  locking  flanges  on 
the  different  key  stems,  but  the  keys  are  raised  by  light  coiled 


Fig.  14. — Duplicate  sending  machines 

springs.  It  is  unnecessary  to  release  a  key  for  correction  as  the 
depression  of  another  key  in  the  same  strip  releases  the  one 
previously  set. 

The  description  of  operation  which  I  have  given  applies  of 
course  to  trunking  between  exchanges  as  well  as  to  connecting 
lines  in  the  ^ame  exchange.     The  operation  is  no  different,  since 
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the  trunks  between  switches  may  extend  any  distance.  Ob- 
viously only  one  set  of  operators  is  required,  because  all  working 
impulses  go  forward  though  the  first  selector  trunks,  that  is  to 
say  from  the  operator,  through  her  trunk  to  the  point  where  the 
call  originated,  and  then  forward  through  the  talking  trunks 
or  links  as  they  are  built  up.  Thus,  no  talking  trunk  is  brought 
into  service  or  tied  up  until  it  is  actually  required,  and  more- 
oyex,  since  the  subscribers  automatically  release  when  they  hang 
up,  119  .trunk  is  tied  up  an  instant  longer  than  is  required. 

Fig.  15  is  a  diagram  showing  the  clearing-house  connected 
to  three  exchange  switching  centers,  -4,  5,  C,  directly  con- 
nected by  talking  trunks  T  T  shown  in  light  lines,  and  all  con- 
nected to  the  clearing-house  by  special  or  operators'  trunks 
0  T  shown  in  heavy  lines.  At  each  of  the  exchange  centers  three 
subscribers'  stations  are  shown  connected  to  the  primary  se- 
lector switches  P  5,  and  the  selective  switches,  S  S.  The  opera- 
tors' trunks  have .  secondary 
selectors  0  5,  containing  in 
their  banks  terminals  for  the 
primary  selector  links.  At  the 
clearing-house  the  operators' 
trunks  0  T  are  arranged  for 
automatic  distribution  among 
the  operators'  key  sets  in  a 
manner  similar  to  that  shown 
in  Fig.  3.  It  will  be  observed 
that  the  talking  trunks  T  T 
between  exchanges,  which 
carry  the  traffic  load,  are  absolutely  independent  of  the  opera- 
tors' trunks,  and  have  no  relation  whatever  to  the  clearing- 
houes.  The  operators'  trunks  are  worked  at  100  per  cent  effi- 
ciency all  the  time,  each  being  tied  up  for  any  call  during 
a  period  of  a  few  seconds  only  while  the  wanted  connection  is 
being  established  and  being  then  free  to  take  on  another  call 
and  so  on.  The  number  of  these  trunks  required  to  any  switch- 
ing center  is  proportional  to  the  originating  traffic  therein, 
and  would  usually  be  less  than  one  per  cent  of  the  number  of 
lines  terminating  at  that  center.  The  course  of  a  connection 
may  be  traced  as  follows: 

Suppose  a  call  to  originate  with  the  first  subscribers'  line  in 
the  exchange  A,  This  is  automatically  connected  to  an  idle 
primary  selector  switch,  P  5,  thence  through  the  link  of  that 
switch  to  an  idle  secondary  selector  switch  0  5,  and  an  operators' 


Fig.  15 
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trunk  line  O  T  to  an  idle  key  set  at  the  clearing  house.  Thus 
the  calling  subscriber  is  confronted  by  the  operator  at  the  instant 
of  his  access  to  the  first  piece  of  apparatus,  that  is  the  primary 
selector  in  his  own  exchange,  in  the  same  manner  that  he  would 
be  confronted  by  a  manual  operator  physically  present  in  that 
exchange.  The  operator  in  this  case  having  ascertained  the 
number  wanted,  sets  it  up  on  her  key  set  (Fig.  12),  and  presses 
the  starting  key.  Impulses  are  then  transmitted  from  the  send- 
ing machine  at  the  clearing-house,  out  over  the  operators' 
trunk,  through  the  secondary  selector  at  exchange -4,  to  the  first 
selector  switches  of  the  set  S  S  which  is  permanently  connected 
to  the  primary  selector  P  5  to  which  the  calling  subscriber  is 
temporarily  connected.  The  impulses  corresponding  to  the 
first  digit  of  the  number  cause  the  first  selector  switch  5  5  to 
select  a  local  connector  or  selector,  or  a  trunk  leading  to  the 

desired  exchange,  which  we  will 
assume  in  this  case  to  be  -B. 
The  trunk  terminates  there  in 
a  second  selector  switch  5  S 
and  the  impulses  corresponding 
to  the  next  digit  cause  this 
second  selector  to  pick  out  either 
an  idle  connector  containing 
the  line  wanted,  or  an  idle  third 
selector  through  which  the  con- 
nector can  be  found  by  a  fourth 
set  of  impulses,  depending  on 
the  size  of  the  exchange  B, 
As  soon  as  the  connection  is 
completed,  that  is  to  say,  as  soon 
as  one  complete  cycle  or  set  of  impulse  groups  have  been 
transmitted  from  the  sending  machine,  its  connection  with 
the  operators'  key  set  is  automatically  opened,  and  the  sec- 
ondary selector  0  5  at  the  originating  exchange,  A,  auto- 
matically drops  off  and  disconnects  the  operators'  trunk,  being 
immediately  thereafter  available  for  another  call.  Thus,  the 
operators'  function  having  been  fulfilled,  in  accordance  with 
the  rule  hereinbefore  stated,  with  the  least  expenditure  of 
time  or  energy  by  the  operator,  she  is  instantly  relieved,  free 
to  take  another  call,  and  the  control  of  the  connection  through 
the  talking  trunks  and  switches  remains  entirely  with  the 
connected  subscribers.  When  they  hang  up  their  receivers,  all 
the  switches  are  instantly  cleared  out,  and  ready  for  further  use. 


Fio.  16. 
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Pig.  16  shows  the  dearing-house  principle  applied  to  a  sub- 
divided system  having  four  districts,  A  B  CD,  the  first  of  which 
has  sub-centers  Al  A2  AS  A4,  the  second  sub-centers  Bl  B2 
B3  J54,  and  so  on.  The  clearing-house  C  H  is  connected  through 
operators'  trunks  O  F,  to  the  district  centers  and  thence  to  the 
sub-centers,  the  method  of  handling  calls  being  the  same  as 
that  explained  in  connection  with  Fig.  15. 

Comparisons  of  Systems 
In  order  to  arrive  at  a  true  comparison  of  the  actual  labor 
required  of  the  manual  and  the  automanual  operator  in  handling 
a  call,  the  following  analytical  tables  have  been  prepared,  giving 
a  unit  energy  value  to  each  of  the  different  movements  required 
of  each  operator  and  assigning  that  value  in  accordance  ¥dth  the 
judgment  of  traffic  experts. 

TABLE  OP  COMPARATIVE  WORK  UNITS  BASED  ON  NUMBER  OP 
MOVEMENTS  OP  AN  "  A  ••  OPERATOR  IN  HANDLING  A  LOCAL  CALL 

Auto 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 


Ox)erator  to  note  line  signal 

*  insert  answering  plug 

*  *  open  key  and  say  "  number  ' 

*  *   pick  up  calling  plug 

*  *  reach  for  and  test  multiple. . 

*  *   insert  calling  plug 

■  •   close  key 

■  *   set  up  number 

■  ■   ring  called  party 

'  *   press  starting  button 

■  ■  observe  disconnect  signal. . .  . 

*  ■   disconnect  both  cords 


Total. 


EXTRA  MOVEMENT  OP  "A"  OPERATOR  IN  HANDLING  A 
13.  Operator  to  depress  order  wire  button 


U. 
15. 


ask  for  trunk  assignment 

depress  branch  exchange  button. 


Manual 

manual 

10 

3 

50 

0 

30 

5 

30 

0 

75 

0 

SO 

0 

25 

0 

0 

25 

15 

0 

0 

5 

10 

0 

76 

0 

370 

38 

NG  A  " 

B  ••  CALL 

16 

0 

30 

0 

0 

5 

Total. 


45 


MOVEMENT  OP  "  B  "  OPERATOR  IN  HANDLING  A  CALL 

16.  Receiving  order  for  trunk   and   assigning   same 

17.  Observing  and  assigning  idle  trunk 

18.  Pick  up  trunk  assigned  and  reach  for  multiple 

19.  Test  multiple  jack 

20.  Insert  plug  in  multiple  jack 

21 .  Ring  called  party 

22.  Observe  disconnect  signal   

23.  Take  down  trunk 


Total 

Grand  total. 


15 

0 

15 

0 

100 

0 

10 

0 

50 

0 

10 

0 

10 

0 

50 

0 

260 

0 

676 

43 

It  will  be  noted  that  in  the  handling  of  a  purely  local  call  the 
manual  operator  is  represented  in  370  work  units  as  against 
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38  work  units  for  the  automanual  operator  while  in  the  handling 
of  a  trunked  call  the  manual  operator  is  represented  in  675  work 
units  against  43  for  the  automanual  operator. 

In  addition  to  the  foregoing  comparison  of  mental  and  mus- 
cular effort,  it  is  possible  to  represent  in  foot-pounds  the  work 
done  in  lifting  the  plugs,  cords,  and  weights,  overcoming  the 
friction  of  the  cords  against  their  associated  plug  seat  walls. 
In  one  thousand  completed  connections  and  disconnections, 
about  2,917  f  t-lb.  of  energy  are  expended  by  the  manual  operator, 
that  are  not  required  and  are  not  expended  in  the  corresponding 
work  of  the  automanual  operator.  The  manual  operator  may 
average  250  calls  per  hour,  but  the  automanual  operator  easily 
handles  1000  calls  per  hour,  so  that  a  saving  of  2,917  ft-lb.  per 
hour  must  be  credited  to  the  automanual  system.  This  is  pre- 
sented as  evidence  that  my  purpose  of  relieving  the  operator  of 
all  unnecessary  work  is  ftilly  accomplished.  I  believe  this  saving 
is  translated  directly  into  terms  of  higher  efl&ciency,  not  only 
increasing  the  number  of  calls  handled,  but  cutting  down  the 
percentage  of  error  by  the  lack  of  strain  on  the  operator. 

The  following  tables  represent  three  sets  of  service  tests 
made  on  a  commercial  automanual  switchboard  under  actual 
operating  conditions.  Each  test  represents  the  total  time 
consumed  by  the  operator  in  observing  the  call,  depressing  the 
listening  key,  pronouncing  the  word  "  number  ",  repeating  the 
numeral  as  it  is  given,  setting  up  the  same  on  the  key  set,  and 
finally  depressing  the  starting  key.  It  shotild  be  particularly 
noted  that  this  is  total  time  per  operator  call,  and  not  merely 
answering  time,  which  is  what  the  manual  companies  usually 
give. 

First   100  Records 

Longest  individual  period 12 .40    sec. 

Average  five  longest  individual  i>eriod 7.44     • 


ten 

Shortest 

five 

tea 

entire  100  records 


6.34 
1.60 
1.92 
1.96 
3.396 


Hourly  rate  at  which  calls  were  being  handled 1060 

Second  100  Records 

Longest  individual  period 7.60    i 

Average  five  longest  individual  period 5.52 

5.34 

2.00 

2.04 

2.18 

3.374 

Hourly  rate  at  which  calls  were  being  handled 1067 


tea 

m                    a 

Shortest 

m                    m 

five  shortest 

*                    m 

ten-      ■ 

m                    a 

entire    100  records     "        * 
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Third  100  records 

Longest  individual  period 5.40  * 

Average  five  longest  individual  period 5.32  * 

"       ten         -  ".  •     4.44  " 

Shortest  "  "     1.60  * 

"       five  shortest  "  "     1.65  " 

-       ten         -  ■  -      J  .80  • 

•       entire  100  records  3. 16  * 

Hourly  rate  at  which  calls  were  being  handled 1139 

The  first  and  second  records  were  made  by  the  same  operator, 
and  the  third  record  by  another,  but  neither  of  the  operators 
knew  that  the  record  was  being  made. 

These  are  not  selected  records  but  are  all  of  the  records  made 
on  the  same  day  and  all  represent  actual  calls. 

Comparison  of  Manual  and  Automanual  Operating  Force 

A  comparison  between  a  manual  and  an  automanual  operating 

force  in  handling  a  trafl&c  load  is  shown  in  Fig.  17.     This  traflSc 

load  represents  4162  working  lines  connected  with  a  main  and 


Fig.   17 


a  branch  exchange  located  in  a  western  city.  About  21  per  cent 
of  all  calls  (flat  rate)  are  trunked.  The  calls  handled  during 
the  busy  hour  in  both  exchanges  average  about  185  per  manual 
operator. 


The  Manual  Force 

2  chief  operators 

1  information  operator 
5  supervisors 

3  relief  operators 
50  operators. 

61   employes 


The  Automanual  Force 
2  chief  operators 
1  relief  operator 
11  operators 


14  employes. 


1 1  will  be  noted  that  the  manual  "  B  "  or  trunk  operators  and 
the  trunk  calls  arc  omitted  from  this  chart.     The  automanual 
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makes  its  greatest  saving  where  branch  exchanges  are  employed ; 
the  heavier  the  trunking,  the  greater  the  saving  with  automanual 
because  it  eliminates  trunk  operators.  Notwithstanding  that 
the  chart  deals  only  with  "  A  **  operators,  a  reduction  in  em- 
ployes in  favor  of  automanual  amounting  to  77  p)er  cent  is 
nevertheless  effected. 

Comparative  Cost  in  Handling  Manual  Traffic 
No  plan  is  known  to  me  that  has  been  utilized  heretofore 
between  manual  operating  companies  in  comparing  their  costs 
of  handling  traffic.     The  factors  which  seem  to  have  precluded 
such  comparison  are: 

1.  Variation  in  salaries. 

2.  Variation  in  trunking  percentages. 

3.  Variation  in  calling  rate  per  line. 

The  only  basis  used  for  calctilating  traffic  costs  has  been: 

Cost  of  handling  traffic  per  line. 

Cost  of  handling  traffic  per  station. 

Cost  of  handling  traffic  p)er  1000  originating  calls. 

The  first  two  cannot  be  considered  as  they  are  not  based  on 
volume  of  traffic  handled.  The  third  could  be  used  for  a  system 
having  a  single  exchange,  but  would  be  unfair  to  a  system  having 
more  than  one  exchange  because  neither  the  trunk  operators  nor 
the  traffic  they  handle  is  taken  into  consideration.  Thus  a 
system  trunking  50  per  cent  of  the  calls  handled  would  suffer 
in  comparison  to  a  system  trunking  only  25  per  cent  of  calls 
handled. 

The  plan  of  equating  calls  has  been  used  for  comparing  separ- 
ately the  equated  calls  per  A  operator  hour  and  equated  calls 
per  B  operator-hour  in  different  systems,  but  no  plan  of  equating 
both  A  and  B  calls  to  a  standard  unit  has  ever  been  used,  to  my 
knowledge. 

Comparative  Manual  and  Automanual  Operating  Costs 
Figs.  18  and  19  are  compiled  for  the  purpose  of  comparing 
costs  in  handling  traffic,  as  between  the  manual  and  Clement 
automanual  methods,  regardless  of  variations  in  salaries,  trunk- 
ing percentages  or  calling  rate  per  line.  These  tables  are  based 
on  the  rendition  of  a  four  second  answering  service  in  the  manual 
systems  and  a  three  second  service  in  the  automanual  system. 
A  standard  unit  is  necessary  by  which  every  manual  system 
may  be  measured  and  for  this  unit  is  employed  the  flat-rate  non- 
trunked  call  as  it  appears  in  a  common-battery  multiple  switch- 
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board,  and  for  convenience  in  comparison  the  cost  of  handling 
1000  such  calls  is  used  as  a  basis. 

Calls  other  than  flat-rate,  non-trunked  calls  require  equalizing 
in  accordance  with  the  ratio  of  effort  and  time  consumed,  which 
is  easily  accomplished  by  the  use  of  the  mtdtiplier  given  on  the 
left  margin  of  the  curves  shown  in  Fig.  18,  as  indicated  by  the 
point  of  intersection  between  the  curves  and  the  vertical  line 
corresponding  to  the  previously  determined  trunking  percentage. 

Having  equalized  the  calls  in  accordance  with  the  tables, 
then  divide  the  total  present  daily  operating  expense  by  the 
number  of  such  daily  equated  calls  and  place  the  decimal  point 
to  show  the  cost  per  thousand  equated  calls. 

A  comparison  can  then  be  made  between  the  cost  per  thousand 
equated  calls  thus  arrived  at  and  the  cost  shown  in  curves  of 


2030        40        5060708090 
PERCENTAOE  OT  OUTQOINO  TRUNK  CALL8 

Fig.  18 


Fig.  19.  At  a  first  glance  the  multiplier  of  95  for  incoming  trunk 
calls  appears  to  be  rather  high  but  this  is  explained  by  the  un- 
avoidable loss  in  efficiency  of  a  trunking  operator  during  evening 
and  night  hours. 

A  hypothetical  example  of  a  telephone  system  having  two 
exchanges,  shows  equated  calls  for  the  following  daily  traffic. 

Main  Exchange  130.000  flat  rate  calls,  5  per  cent  trunked 148,200 

3.000  pay  station  calls,  5  per  cent  trunked 6,840 

6,500  incoming  trunk  calls 6.175 

12.000  flat  rate  calls  50  per  cent  trunked 18.000 

200  pay  station  calls  50  per  cent  trunked 600 

80O  measured  calls.  50  per  cent  trunked 1300 

6.650  incoming  trunk  calls 6,317 


Branch 


Total  equated  caUs 187.932 

Fig.  20  shows  an  automanual  schedule  applied  to  the  branch 
exchange  of  the  western  telephone  company  previously  referred 
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to  and  proves  out  the  automanual  cost  curve  in  Fig.  19.  It  will 
be  noted  in  Fig.  20  that  the  cost  per  thousand  calls  on  the  auto- 
manual operators'  schedtile  is  19.5  cents.  By  referring  to  the 
cost  curve  in  Fig.  19  it  will  be  observed  that  the  cost  per  thous- 
and automanual  calls  is  19.5  cents  where  the  average  operators* 
salary  is  $25.00. 

The  clearing-hoxise  principle  illustrated  in  Fig.  15  is  ap- 
plicable to  existing  systems,  with  practically  no  rebuilding  except 
that  of  the  central  office  switching  equipments;  the  subscribers' 
instruments  and  lines,  as  well  as  the  general  method  of  handling 
the  subscribers,  remaining  imchanged.  The  partictilar  featiu-e 
which  renders  this  possible  is  the  automatic  secondary  distribtf- 
tion,  which  brings  calls  to  the  operators  at  one  or  more  centers 
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Fig.  19 


.90       1.00 


without  the  necessity  of  massing  or  concentrating  talking  trunks. 
This  feattu'e  is  peculiar  to  the  automanual  systems,  and  the 
economies  flowing  from  its  employment  may  be  best  illustrated 
by  presenting  an  extreme  case  involving  the  handling  of  the 
entire  traffic  load  in  a  large  city,  at  present  divided  between  two 
competing  systems  both  equipped  with  manual  switchboards. 
The  two  systems  may  be  designated  as  A  and  B,  and  the  follow- 
ing tables  are  based  on  an  actual  study  of  their  traffic  conditions 
in  detail.  Table  1  shows  the  number  of  telephones  in  opera- 
tion in  each  system,  the  approximate  traffic  handled  by  both 
companies,  and  the  cost  of  handling  the  traffic.  Table  2  shows 
the  estimated  increase  in  traffic  of  both  companies  as  well  as 
the  additional  cost  of  operating,  if  manual  trunk  lines  were  con- 
nected between  two  systems,  permitting  a  general  interchange  of 
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calls.     Table  3  shows  the  cost  of  handling  the  combined  traflSc 
by  automanual  clearing-house  methods  exclusivfily. 

The  automanual  service  is  uniform  and  accurate,  because  the 
switching  apparatus  is  all  operated  over  local  central  office 
circuits  of  uniform  and  known  resistance,  by  expert  operators 


r 

.^. lijiii 

J 

05 S^ 

1 

a 

a 

< 

i  |_r                        -  5  5 

^  '      -                                                 -  S  2 

;£     1                                                                                       MM 

!|  [-             -      ~n 

I                              -      --             «; J 

s_t:::----  ^=M 

i,Q.          ^-- «;5 

i:i  — --    ^-\\Afz 

l3,r-"  }\  m\ 

-T  i.|  i  '_  r    " .  "     '^  2  2 

o                                                                      *                        1 

V    -" i      -i's 

1         ^  -  e»         1                    1             <♦  £  - 

III '  ■■T],'  ,'  r4H 

II 


SI 
I? 

2*  ft 

lil 

=x1 


3  a*; 

si 


c 

G 


under  proper  discipline.  The  benefits  of  the  manual  method  of 
operating  are  preserved,  but  no  cords  or  plugs  are  employed,  and 
the  service  is  secret  because  the  operators  are  cut  off  automati- 
cally when  connections  are  established,  and  have  no  way  of 
cutting  in  on  any  connection  thereafter.     The  distribution  of 
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calls  among  the  operators  is  uniform,  and  this  condition  prevails 
at  all  times  without  regard  to  the  number  on  duty.  Each 
operator's  position  has  a  jack  containing  contacts  for  the  tele- 
phone plug  and  associated  contacts  for  the  secondary  control 
circuit  of  each  key  set  at  the  position,  these  being  opened  when 
the  operator  pulls  out  her  plug,  so  that  calls  come  only  to  those 
positions  at  which  operators  are  actually  present  and  ready  to 


TABLB  I.— PRESENT  CONDITION 

Total  or  • 
System  A       System  B  Av. 


Number  of  subscribers'  lines 18.666  13,219  31,885 

telephones 42.000  27.000  69.000 

Percentage  of  telephones  to  lines 2.25  2.05  2. 16 

*           *    business  telephones 54  51 . 5  53 

Employes  traffic  deparcment 498  320  818 

'         average  monthly  salary $32.50  $31.50  $32.11 

Monthly  operating  expense $16,185  $10,080  $26,265 

Originating  caUs  daily 294.000  216,000  510.000 

■             "         ■    per  telephone 7  8  15 

Percentage  originating  calls  trunked 57  24  43 

Cost  per  thousand  originating  calls $1 .97  $1 .  67  $1 .  84 


TABLE  2.--INTERCONNECTION 

increase  in  calls  per  telephone 1.9  3.1                   2.4 

Calls  to  other  company 79.800  83.700  163.500 

Increase    in    percentage   of    originating   calls 

trunked 9  21.2                 14 

Additional  employees 153  168                   321 

Increased  monthly  operating  expense $5,184  $5,292   .  $10,476 

Increase  in  cost  per  thousand  calls 0.27  0. 13               12 

Percentage  of  increase  in  pay-roll 32  per  cent  52  per  cent  40  per  cent 


TABLE  3.— AUTOMANUAL 
The  cost  of  handling  the  combined  traffic  of  both  systems  amounting  to  673.500  origi- 
nating calls  per  day  with  the  Automanual-clearing-house  system  based  on  an  average  oper- 
ator's monthly  salary  of  $32.00  would  amount  to  twenty  five  cents  (0.25)  per  thousand  calls, 
on  a  monthly  operating  expense  of  $5.051 .25.  This  makes  a  reduction  in  the  present  oper* 
aling  expense  of  86  per  cent, 

handle  them.  All  other  positions  are  dead,  and  the  calls  come 
to  the  live  positions  in  rotation.  An  operator  may  take 
calls  at  any  position,  by  simply  plugging  in  there  and 
light  loads  can  thus  be  handled  at  a  single  position.  Pa 
trolling  of  the  switchboard  is  avoided,  and  as  the  number 
of  operators  can  be  varied  in  direct  proportion  to  the  load, 
no    one    operator    is    busier    than    an   other    at    any    time. 
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The  operator  cannot  show  favoritism,  as  without  special  pro- 
vision she  cannot  know  who  originates  a  partictilar  call, 
and  any  subscriber's  call  may  be  answered  by  any  operator 
in  the  exchange.  There  is  also  a  decided  economy  in  the 
matter  of  space,  the  size  of  the  operating  room  being  con- 
siderably reduced.  As  regard  material  for  operators,  which 
is  a  consideration  of  moment  in  some  parts  of  the  coimtry, 
it  is  pointed  out  that  any  person  who  can  hear  numbers  and  touch 
keys  is  capable  of  handling  traffic  automanually.  This  includes 
the  blind,  who  make  very  efficient  operators,  not  only  handling 
the  number  keys  dextrously  with  little  practice,  but  also  reading 
the  lamp  signals  by  touch.  I  have  provided  a  special  signal  for 
the  blind,  however,  so  that  for  them  lamps  are  unnecessary,  and 
may  be  relegated  to  the  monitors,  unless  they  too  are  blind. 

As  the  detailed  circuits  are  not  described  herein,  I  will  state 
that  the  talking  circuit  between  subscribers  when  connected, 
is  perfectly  clear  and  in  fact  identical  with  the  standard  bridged 
common  battery  circuit  employed  in  modem  manual  exchanges. 

In  closing,  I  wish  to  acknowledge  my  indebtedness  to  Mr. 
John  P.  Boylan,  of  Cleveland,  Ohio,  for  his  assistance  in  com- 
piling traffic  data  for  use  in  the  preparation  of  this  paper. 
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Discussion  on  "  New  Automatic  Telephone  Equipment," 
AND  "  The  Semi-Automatic  Method  of  Handling  Tele- 
phone Traffic/'  Los  Angeles,  Cal.,  April  26,  1911. 

J.  W.  Gilkyson:  Being  responsible  for  the  revenue  produced 
by  the  manusd  system  of  this  town,  I  hardly  think  it  is  incumbent 
upon  me  to  discuss,  or  at  least  in  any  way  to  malign  the  com- 
petitor of  the  automatic.  It  has  many  phases  which  meet 
the  requirements  of  the  community.  I  hope,  though,  that  in 
the  future  the  semi-automatic  will  be  the  neutral  factor  in 
bringing  together  both  the  manual  and  the  automatic,  and  I 
cannot  help  but  think  that  will  be  the  final  result.  The 
fundamental  thing  is  economy — economy  in  central  oflSce 
operation,  economy  in  central  office  equipment  costs,  the  elimina- 
tion of  sub-exchanges,  and  the  facilitation  of  the  tnmking 
appliances. 

Mr.  Keller:  Regarding  the  automatic  and  manual  service, 
I  will  quote  from  a  letter  I  received  from  Europe  from  a  friend 
of  mine,  who  went  to  Berlin,  Germany,  to  promote  and  build  an 
automatic  system.  There  are  a  few  passages  that  are  exceedingly 
interesting.  Before  going  to  Germany,  he  came  to  Los  Angeles 
to  see  what  we  had,  he  returned  by  way  of  San  Francisco.  There 
he  says,  he  changed  his  mind  somewhat  on  one  phase  of  the  auto- 
matic feature,  namely,  the  secondary  line  switch.  In  our  auto- 
matic sjrstem  here,  each  subscriber  has  one  individual  line  switch, 
and  we  use  secondary  line  switches  to  a  very  limited  extent — 
not  at  all  in  connection  with  the  subscriber's  line.  But  in  San 
Francisco,  each  subscriber  has  one  individual  line  switch,  and 
before  the  individual  line  switch  reaches  a  first  selector  switch,  it 
passes  through  a  secondary  line  switch  which  reduces  the 
number  of  first  selectors  to  a  minimum. 

Mr.  Luberg  has  always  been  opposed  to  this,  but  he  says  since 
looking  into  it  very  carefully  in  San  Francisco,  he  has  changed 
his  mind  and  he  finds  the  secondary  lirfe  switch  is  working  very 
satisfactorily.  If  he  is  right,  I  am  inclined  to  believe  it  will  do  a 
great  deal  towards  simplif5dng  the  apparatus  in  general  use. 

He  says  further  that  at  Hamburg  he  saw  in  operation  there  a 
40,000-line  central  exchange  under  one  roof  and  it  is  now  being 
enlarged  to  80,000  lines.  He  states  that  it  is  a  manual  dis- 
tributing system,  which  means  that  the  call  comes  in  at  an  A  board 
where  one  A  operator  is  provided  for  800  subscribers.  This 
operator  has  nothing  to  do  but  to  extend  the  call  to  a  B  operator 
who  answers  the  c^.  The  B  operator  again  extends  the  call 
to  a  C  operator  in  the  wanted  10,000  group.  0  has  the  multiple. 
After  extending  the  call  the  B  operator  is  cut  out  of  the  connec- 
tion. The  service  is  supposed  to  be  fine.  Referring  to  the 
cable  service  he  mentions  here  that  it  is  frightful.  He  says  the 
average  cable  length  for  a  subscriber  is  three  and  one-half  miles. 

Further  on  in  his  letter  he  asks  what  our  average  is.  I  have 
not  quite  arrived  at  my  figures  yet,  but  in  our  Olive  Street  ex- 
change we  find  it  is  about  a  mile. 
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"  Just  now,"  he  writes  "  we  are  installing  a  half-automatic 
exchange  in  Amsterdam.  By  the  term  '  half  automatic  '  we 
mean  a  system  similar  to  the  Clement  Automanual,  i.e., 
the  subscribers  station  is  the  usual  C.  B.  manual  apparatus. 
When  the  subscriber  calls  he  gets  a  connection  first  with  an 
operator  who  sets  up  the  connection  with  a  push  button  key- 
board. After  the  impulse  machine  has  run  down,  the  operator 
cuts  off  again.  The  switches  are  absolutely  identical  with  the 
regular  automatic  outfit." 

He  says  that  the  engineers  of  the  German  government,  for 
as  you  all  know,  the  postal  authorities  handle  the  telephone 
situation  throughout  Germany,  deliberately  put  in  this  half 
automatic  system  with  the  intention  of  putting  in  a  full  auto- 
matic later  on.  He  says  the  only  reason  that  they  do  not  make 
this  change  now  is  because  of  the  cost  of  the  calling  device  which 
is  estimated  at  about  five  dollars  more  than  the  ordinary  telephone 
instrument.  Otherwise,  they  would  make  the  entire  installa- 
tion automatic  at  present.  Whenever  they  want  to  change  their 
apparatus  to  automatic  they  can  do  so. 

That  looks  to  me  like  a  very  sensible  method.  If  they  must 
have  a  full  automatic  they  can  do  so  without  any  extra  expense 
in  the  installation — that  is  without  any  waste. 

It  seems  that  the  government  engineers  have  decided  that 
measured  service  should  be  furnished  where  a  manual  exchange 
is  in  use,  and  a  flat  rate  with  automatic.  They  take  the  stand 
that  it  does  not  cost  materially  more  for  a  man  to  have  many 
calls  over  an  automatic  phone  than  it  does  for  a  limited  ntunber 
of  calls,  while  with  a  manual  board  the  expense  of  operating 
increases  in  proportion  to  the  number  of  calls,  which  we  all  know 
to  be  a  fact. 

**  A  Dr.  Steidle,  in  Munchen,  has  designed  what  he  calls 
*  automatic  group  systems.'  About  twenty  to  forty  subscribers 
with  very  few  calls  per  day  (metered  service)  say  about  two  to 
three  calls  per  day,  are  connected  to  a  relay  switching  station 
located  in  the  basement  or  attic  of  the  house,  or  placed  in  the 
near  neighborhood.  The  relay  combination  gives  access  to  one 
of  the  two  exchange  lines.  In  the  exchange  the  calls  are  handled 
manually  at  present.  Calls  to  the  group  line  are  distributed 
by  40  point  connectors,  also  placed  in  the  relay  groups.  He 
figures  for  a  20,000-line  plant  about  6000  heavy  talkers  with  in- 
dividual lines,  and  1000  relay  groups  with  an  average  of  14  lines 
attached  to  each.  He  therefore  would  provide  1000  relay  groups 
with  1000  batteries.  Now,  don't  smile  at  that,  they  actually 
put  in  about  60  of  such  groups,  in  and  around  Mimchen. 

"  So  you  see  we  Germans  just  at  present  have  the  two  tele- 
phonic extremes — an  80,000  line  single  exchange  and  a  thousand 
fold  subdivided  plant  seriously  proposed  by  a  very  fine  telephone 
engineer." 

I  should  not  wonder  if  we  may  have  a  similar  situation  to  face 
sooner  or  later.     Personally,  I  cannot  say  anything  about  half 
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automatic,  for  several  reasons.  In  the  first  place,  I  don't  know 
much  about  it,  but  it  seems  to  me  that  if  the  half  automatic 
is  used  as  a  step  forward  toward  a  full  automatic,  that  it  is  the 
proper  step  to  take,  but  it  also  looks  to  me  that  if  one  cannot 
change  it  to  a  full  automatic  it  is  a  step  only  half  forward.  It  is 
just  like  changing  from  a  horse  car  to  a  cable  car — a  sort  of  step 
between.  Now,  if  that  step  between  is  a  step  toward  making  it  a 
full  automatic,  I  think  it  is  a  step  in  the  right  direction.  I  think 
that  the  full  automatic  will  soon  be  the  only  factor  in  the  field. 

K,  B.  Miller:  The  idea  suggested  by  Mr.  Keller  of  using  the 
semi-automatic  as  a  stepping  stone  to  the  full  automatic  is  one 
way  of  looking  at  it.  The  probabilities  are  that  the  one  con- 
trolling factor  in  the  matter,  a  factor  which  is  likely  to  be  more 
and  more  a  controlling  influence,  is  the  atittude  of  the  public. 
The  fact  is  that  the  telephone  companies  are  serving  the  public 
and  it  is  the  public  that  must  be  pleased.  Now,  my  experience 
so  far,  has  shown  me  that  either  the  automatic,  where  the  sub- 
scriber spells  out  his  own  connection  with  his  finger,  or  the 
manual,  where  the  subscriber  merely  asks  for  what  he  wants, 
is  capable  of  giving  good  service,  and  either  of  them  is  capable 
of  satisfying  the  public. 

It  is  often  argued  that  the  automatic's  success  in  pleasing 
the  public  is  transitory-  akin  to  the  liking  of  a  child  for  a  new  toy. 
I  have  studied  that  phase  very  carefully  and,  while  I  know  that 
some  of  you  will  disagree,  I  can  only  arrive  at  the  conclusion 
that,  at  present,  the  public  will  be  satisfied  with  either  way  of 
doing  it,  provided  good  service  results,  and  we  all  know  that  good 
service  may  result  from  either  method.  The  atittude  of  the 
people  may  eventually  swing  one  way  or  the  other  or  it  may  split 
.and  restdt  in  two  permanently  disagreeing  factions.  There 
seems  to  be  nothing  impractical  in  the  idea  of  the  combinationof 
the  two  schemes,  giving  automatic  instrtmients  to  those  sub- 
scribers who  want  them,  and  connecting  these  directly  with 
automatic  switches;  and  giving  to  those  subscribers  who  want 
to  feel  an  operator  at  the  other  end  of  the  line,  no  automatic 
transmitting  devices,  but  merely  ordinary  telephone  instruments, 
practically  along  the  lines  of  Mr.  Clement's  system.  The  same 
automatic  switchboard  would  make  all  the  connections  and 
disconnections,  these  being  controlled  directly  by  the  sub- 
scribers in  the  one  case  and  by  the  operators  in  the  other. 

A.  H.  Griswold :  I  was  very  much  interested  in  Mr.  Winston's 
last  paragraph,  which  is  one  of  the  strongest  in  his  paper. 

"  The  man  who  attempts  to  prophecy  what  the  future 
equipment  will  be,  is  putting  himself  up  very  much  as  a  prophet." 

In  comparison  with  many  of  the  other  sciences,  we  have  had 
rapid  changes  of  type  of  telephonic  equipment,  and  certainly 
we  will  have  in  the  future  a  great  many  more  changes  before  we 
approach  the  ideal. 

In  the  final  analysis,  the  primary  thing  that  we  must  strive 
for  is  service  that  is  reliable  and  efficient,  and  therefore  service 
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that  the  pubUc  desires.  It  may  not  be  possible  to  combine 
in  one  system  a  type  of  service  that  will  meet  the  desires  of  all 
of  the  people.  There  may  be  room  for  two  classes  of  service, 
just  as  there  is  for  the  electric  car  and  the  steam  car,  one  may 
offer  advantages  that  the  other  does  not.  The  thing,  therefore, 
that  must  be  studied  is  what  the  public  wants.  It  may  not  be 
determined  by  engineers  particularly,  any  more  than  to  establish 
these  various  systems  and  try  them  out.  It  may  not  necessarily 
mean  the  most  beautiful  piece  "of  mechanism,  or  the  most  rapid 
service,  but  it  will  mean  the  most  reliable  and  most  efficient 
service. 

Most  of  us  in  using  the  telephone,  if  the  service  be  reasonably 
reliable  and  the  speed  of  answer  be  reasonably  fast,  do  not 
worry  very  much  about  the  time  interval. 

The  proper  equipment  in  the  future  may  be  manual,  full  auto- 
matic, the  so-called  semi-automatic,  semi-manual,  automatic 
distributing  system,  or  some  other  type,  but  what  ever  it  is  we 
must  have  the  first  considerations  fiilfilled,  that  it  must  give 
reliable  and  efficient  service,  and  service  that  the  publ'ic  desires. 
Having  these  first  requirements,  the  secondary  consideration, 
and  one  which  I  sometimes  think  we  let  precede  the  first,  is  the 
question  of  providing  the  best  type  of  equipment  at  the  least 
ultimate  cost,  meaning  not  only  initial  cost  but  resultant  and. 
subsequent  charges. 

It  might  be  interesting  to  know  if  Mr.  Winston  in  his  automatic 
distributing  system  has  made  any  provision  for  reverting  calls. 
That  is,  when  one  subscriber  calls  another  subscriber  on  the  same 
line. 

K .  B .  Miller :  In  connection  with  the  reverting  call  proposition, 
I  agree  that  we  ought  to  hear  from  both  these  gentltmen  about, 
it.  The  reverting  call  is  a  pretty  mean  thing  to  handle  with  the 
manual  system,  as  we  all  know.  It  seemed  at  first  wholly  im- 
possible for  an  automatic  system  to  take  care  of  it,  and  yet 
automatic  systems  have  been  made  to  do  this  in  an  even  more 
direct  way  than  the  manual. 

A.  H.  Babcock:  The  automatic  and  the  semi-automatic 
telephone  systems  appeal  to  me  from  the  standpoint  of  the  man 
who  pulls  the  switch  at  the  subscriber's  end.  In  other  words 
my  mind  at  present  is  concerned  entirely  with  the  subscriber 
and  not  with  the  engineer  who  is  constructing  these  things.  I 
have  a  feeling  after  seeing  the  inside  of  one  purely  automatic 
telephone  system,  and  having  had  it  very  fully  explained  by  the 
engineer  who  installed  it,  that  if  there  is  a  failure  on  my  part 
to  receive  connection  with  the  number  that  I  want,  it  is  due  to 
my  failure  in  handling  the  apparatus,  rather  than  to  the  failure 
of  the  apparatus  itself.  Consequently,  when  I  am  asked  to  use 
a  telephone  system  wherein  I  give  an  operator  the  number 
that  I  want,  and  she  does  then  that  which  I  would  do, 
which  is,  I  understand,  the  semi-automatic  system,  it  is  merely 
introducing  another  link  and  a  very  weaJc  link  into  that  chain. 


Digitized  by  VjOOQIC 


19111  DISCUSSION  AT  LOS  ANGELES  979 

I  call  a  number  in  San  Francisco  very  frequently.  Five,  six 
or  seven  repetitions  of  that  number  have  been  made  repeatedly, 
and  they  are  spoken  distinctly  into  the  telephone,  too.  I  can't  see 
from  the  subscriber's  standpoint  what  there  is  to  be  gained  by 
putting  that  extra  link  into  the  chain.  I  prefer  a  piece  of 
mechanism  handled  by  myself,  rather  than  the  intervention  of 
an  operator  who  may  be  tired,  may  not  be  well,  may  be  thinking 
of  other  things — ^the  human  element,  entering  in  all  the  time  be- 
tween what  I  want  and  what  I  get.  In  other  words,  the  nearer 
we  get  in  all  our  public  service  work,  to  a  piece  of  apparatus 
directed  by  one  person,  the  nearer  we  will  come  to  getting 
satisfaction.  Now,  remember,  I  am  speaking  merely  from  the 
subscriber's  and  not  from  the  engineer's  point  of  view. 

Ralph  W.  Pope :  I  wish  to  call  attention  to  one  of  the  featiu*es 
of  the  manual  system,  which  is  the  only  system  used  in  New 
York  City,  that  does  not  appear  to  have  been  considered  in  these 
discussions.  I  refer  to  the  distinction  between  the  individual 
subscriber  working  direct  with  the  central  exchange,  and  the 
subscriber  working  through  a  private  branch  exchange.  I  under- 
stand that  in  New  York  City  the  growth  of  the  private  branch 
exchanges  has  been  very  large,  and  where  the  service  is  suflS- 
cient  to  warrant  it,  is  always  preferred.  I  have  had  both  ex- 
pCTiences.  Formerly,  until  four  years  ago,  we  worked  direct 
with  the  central  exchange.  For  the  last  four  years,  we  have 
worked  through  a  private  branch  exchange.  The  service 
through  the  private  branch  exchange  is  far  more  satisfactory, 
for  the  reason  that  the  operator  is  more  in  sympathy  with  the 
business,  pays  more  attention  to  the  calls,  and  is  apparently  not 
overworked.  That  is  to  say  in  our  particular  exchange  there 
always  appears  to  be  a  little  margin  of  leisure,  so  that  the  number 
can  be  repeated  back,  and  the  operator  will  not  get  away  from 
the  instrument  before  the  subscriber  has  an  opportunity  to 
correct  the  number  if  wrong.  When  the  number  is  repeated 
back  direct  from  the  exchange,  half  the  time  I  can't  understand 
what  it  is,  and  if  I  do  and  it  is  wrong,  the  operator  is  gone  before 
I  can  make  the  correction.  That  is  not  true  of  the  private 
branch  exchange.  This  leads  me  to  corroborate  Mr.  Gregory's 
statement  that  what  we  want  is  not  so  much  rapidity  of  service, 
as  reliability  of  service.  There  is  loss  of  time,  no  doubt,  in 
handling  a  call  through  a  private  branch  exchange,  but  then 
there  is  also  a  gain  in  comiort.  In  working  with  the  central 
exchange,  we  are  expected  to  keep  the  telephone  to  the  ear  until 
the  final  connection  is  made.  With  the  private  exchange, 
the  number  is  given  and  the  telephone  hung  up  and  when  the 
connection  is  made  the  operator  rings  up  and  we  go  ahead  with 
the  work.  In  other  words,  we  don't  have  to  wait  with  the 
telephone  at  the  ear  while  the  connection  is  being  made.  That  is 
to  me  a  very  satisfactory  arrangement,  through  the  elimination 
of  being  obliged  to  sit  and  wait  for  what  may  be  a  quarter  of  a 
minute  or  hidf  a  minute  or  a  minute,  with  the  telephone  at  the 
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ear.  I  may  say  right  here  that  while  I  do  not  use  the  central 
office  connection  regtilarly,  sometimes  when  I  am  in  other  parts 
of  the  city  where  I  have  to  call  up  the  central  office  and  do  this 
waiting,  it  is  especially  annoying.  This  all  tends  to  bring  in 
another  feature  in  the  telephone  service,  and  that  is  the  comfort 
of  the  subscriber.  Mr.  Babcock  admits  that  he  gets  irritated. 
Subscribers  wish  to  eliminate  all  the  trouble  possible,  and  one 
of  the  principal  virtues  of  the  common  battery  system  is  that 
it  has  eliminated  the  necessity  of  turning  the  crank.  We 
simply  go  through  the  motion  of  taking  up  the  telephone  and 
putting  it  to  the  ear,  and  then  if  you  simply  hang  it  up 
and  wait  imtil  your  bell  rings,  you  know  that  you  have  your 
connection. 

J.  W.  Gilkyson :  I  wonder  if  a  comparison  has  ever  been  drawn 
by  Mr.  Babcock  with  reference  to  the  ntimber  of  mishaps  that 
he  might  have  with  the  automatic  in  placing  a  call  himself.  He 
does  not  charge  that  error  up  to  himself.  He  simply  hangs  up 
and  tries  it  over  again.  He  may  do  it  two  or  three  times,  while 
he  immediately  becomes  provoked  at  the  manual  operator  that 
mistakes  his  number: 

With  reference  to  the  private  branch  exchange,  that  is  a  ques- 
tion that  we  have  had  considerable  difficulty  in  handling.  In 
many  instances,  operators  are  employed  by  the  parties  served 
with  the  private  branch  exchange  service;  many  of  the  young 
ladies  receive  a  box  of  candy,  etc.,  from  certain  individuals  of  the 
corporation  and  get  excellent  service  from  the  company.  On 
the  other  hand,  the  man  that  is  abrupt,  gets  poor  service.  I 
believe  if  the  standard  of  the  private  branch  exchange  could  be 
adopted  by  the  company  that  there  would  be  a  more  uniform 
service.  I  don't  think  Mr.  Pope's  would  be  better  or  worse. 
That  is  a  condition  that  exists.  He  speaks  about  placing  his 
call  with  the  operator.  She  performs  that  function  that  ordi- 
narily a  man  on  a  direct  connecting  line  would  have  to  with- 
stand. If  that  line  is  busy  at  the  time  he  calls,  he  is  told  the 
line  is  busy.  The  operator  has  performed  that  function,  and  he 
has  to  wait.  Where  would  the  private  branch  exchange  differ 
if  he  gets  the  report  that  it  is  busy?  If  the  private  exchange  gets 
a  report  that  it  is  busy,  she  makes  a  note  and  calls  it  at  another 
time,  and  the  connection  is  put  up,  and  the  man  who  is  busy, 
figures  it  out  as  an  excellent  service,  but  he  does  not  perform  the 
fimction  himself.  It  is  the  duty  of  the  girl  that  operates  the 
private  branch  exchange,  which,  of  course,  could  not  be  expected 
in  service  given  to  the  public,  and  could  not  be  taken  into  con- 
sideration. 

A.  H.  Babcock:  I  yield  to  no  man  in  my  respect  the  tele- 
phone operator  as  a  woman  earning  her  own  living.  I  find  no 
fault  with  the  operators,  because  I  know  of  some  of  the  con- 
ditions under  which  they  work.  I  have  a  great  respect  for  their 
astounding  skill  by  which  they  handle  an  immense  number 
of  calls  per  hour.     But  I  do  find  serious  fault  with  the  con- 
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dition  that  produces  the  situation  I  have  just  outlined.  My 
conversations  referred  to  are  with  a  private  exchange  operator  who 
is  on  our  own  payroll,  I  hear  her  struggling  with  the  central  office 
to  get  that  number  straight,  and  when  I  say  that  the  ntimber  called 
for  has  been  twisted  out  of  shape  six  or  seven  times,  it  is  by  skilled 
operators  whose  business  it  is  to  handle  those  calls — not  between 
me  and  the  operator,  because  our  private  exchange  operator 
knows  perfectly  well  what  number  I  want.  It  is  not  my  grief, 
except  as  I  have  to  wait,  but  it  is  hers.  It  seems  to  me  the 
farther  we  can  get  away  from  that  kind  of  thing,  the  better. 
I  don't  think  it  is  fair  for  Mr.  Pope  to  compare  his  present  easy 
time,  pushing  off  his  job  of  making  a  telephone  call  onto  his 
paid  operator,  with  the  troubles  a  subscriber  has  who  cannot 
afford,  by  reason  of  his  small  service,  to  hire  and  pay  a  private 
exchange  operator.  The  condition  to  be  met  is  to  give  good 
service  to  the  greatest  number — ^not  to  a  few  of  us  who  have 
private  exchanges,  or  who  can  send  boxes  of  candy  to  the 
operator.  Possibly  if  the  telephone  expert  who  has  just  made 
the  suggestion  that  a  box  of  candy  would  improve  the  service, 
had  realized  the  implication  contained  in  that  suggestion  he 
wotdd  have  expressed  his  thought  differently.  A  Public  Service 
that  requires  lubrication  by  means  of  boxes  of  candy  needs  some 
intelligent  reconstruction. 

P.  C.  Newell  Jr. :  Mr.  Babcock  has  just  stated  that  the  public 
is  really  the  supreme  court  in  this  case.  In  cities  like  Chicago 
and  New  York,  where  there  is  a  great  foreign  population,  the 
numerals  are  a  sort  of  universal  language.  When  the  operator 
cannot  understand  the  foreign  tongue,  it  seems  to  me  the  num- 
erals are  to  be  preferred.  I  would  like  to  have  somebody  state 
the  advantages  and  disadvantages  of  the  foreign  population. 

E.  B.  Miller:  In  France,  I  am  informed  by  some  of  the  fore- 
most French  telephone  engineers,  they  consider  that  very  point 
as  one  of  the  strongest  arguments  for  the  automatic.  It  seems 
that  the  French  language,  with  which  I  am  not  familiar,  does 
not  lend  itself  as  readily  to  the  spelling  out  of  the  digits  of  a 
number  as  our  language  does,  and  that  as  a  result  there  are  a 
grtat  many  more  misconnections,  and  a  great  slowing  down  of  the 
service.  That  appears  partiicularly  in  the  trunk  operations 
where  an  A  operator  passes  a  connection  on  to  a  B  operator. 
The  difference  between  the  number  of  calls  that  a  B  operator 
can  handle  in  France  with  the  same  type  of  equipment,  and  that 
which  we  handle  in  this  country  in  manual  exchanges,  is  re- 
markable, and  I  have  heard  it  attributed  mainly  to  that  fact 
that  the  French  language  does  not  lend  itself  so  readily  to  the 
transmission  of  numerals.     Undoubtedly  other  factors  enter  also. 

A.  H,  Babcock :  How  about  the  Chinese  exchanges?  Is  there 
anybody  from  San  Francisco  who  can  give  the  experience  with 
them? 

Mr.  Keller:  The  Chinese  in  this  city  have  a  private  exchange 
of  their  own,  or,  rather  a  small  exchange  with  a  Chinese  operator, 
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who  speaks  English  and  establishes  the  connection  for  the 
Chinese.  They  have  not  yet  adopted  the  automatic  in  this 
city.  In  San  Francisco,  however,  they  have  adopted  the  auto- 
matic system,  the  automatic  calling  device  with  Chinese  numerals 
on  it  instead  of  the  numerals  we  use,  and  operating  excJeedingly 
successfully.  In  fact,  it  has  been  more  generally  accepted  by  the 
Chinese  in  San  Francisco  than  by  the  general  public  so  far. 

There  is  another  feature  that  I  have  just  been  told  of  by  a 
young  man  that  came  from  Havana.  In  Hanava  there  are  a 
great  many  languages  spoken,  and  the  automatic  there  has  be- 
come very  poptdar  on  account  of  the  fact  that  all  of  the  various 
nationalities  can  secure  their  parties  without  having  to  converse 
with  any  operator  or  any  other  person  except  the  party  they  are 
calling. 

R^ph  Bennett:  I  am  very  much  interested  in  the  four-party 
line.  We  have  one  at  our  residence  from  the  old  company, 
and  I  have  discovered  that  I  hear  not  only  our  own  but  all  the 
neighbors  calls  from  both  sides  of  the  line. 

Very  frequently  they  ring  on  our  line,  one  bell,  and  after 
ringing  awhile  we  answer.  "  Central  wants  the  party  whose 
ring  is  two  bells,"  When  told  so  she  sa)rs.  "  Oh,  I  didn't 
know  that.  They  didn't  tell  me  that."  It  seems  to  me  that 
this  difficulty  can  be  readily  corrected  on  an  automatic  where 
the  subscriber  rings  the  correct  call  automatically. 

K.  B.  Miller:  It  is  a  simple  matter  to  have  selective  ringing 
on  party  lines  in  manual  systems.  Several  successfxd  schemes 
are  available. 

W.  D.  Moore:  We  maintain  in  our  system  what  we  call  an 
observation  desk.  It  means  that  the  service  we  give  is  constantly 
under  observation.  This  observation  desk  indicates  the  moment 
the  calling  subscriber  takes  the  receiver  down;  the  moment  the 
operator  plugs  in  to  answer;  the  moment  she  rings;  the  moment 
the  called  for  subscriber  takes  the  receiver  down  to  answer; 
the  moment  he  hangs  up;  the  moment  the  disconnection  is  made. 
This  action  is  automatic — we  do  have  a  little  automatic — and 
different  colored  lamps  indicate  the  different  movements  and  it 
is  recorded  as  the  action  takes  place.  Now  in  each  exchange 
there  are  so  many  observations  taken  each  day.  That  is  the 
way  we  determine  the  standard  of  service  that  we  are  furnishing. 
It  also  indicates  the  efficiency  of  our  operating  force.  We 
figure  that  any  operator — that  is,  the  answering  operator — can 
handle,  during  the  busy  hour  of  the  day,  the  peak  of  the  load, 
approximately  265  calls.  That  is,  she  can  finish  265  calls.  Now 
if  we  find  there  is  a  falldown  in  the  service  in  any  particular 
exchange,  by  referring  to  the  peg  count,  which  is  taken  on  the 
tenth  day  of  each  month,  we  note  that  the  operator  has  become 
loaded  down  and  a  redistribution  of  lines  is  made  throughout 
the  entire  number  of  operators  and  the  result  is,*  of  course,  a 
natural  improvement  of  service.  We  also  have  certain  methods 
by  which  we  procure  increased  efficiency  from  the  operating 
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force.  Of  course  this  is  all  worked  out  upon  what  our  ex- 
perience has  shown  us  that  one  operator  can  handle  without  an 
excessive  strain. 

Our  figures  showed  for  this  city — the  last  time  I  heard  them 
quoted,  which  was  some  six  months  ago — ^that  there  was  one- 
tenth  of  one  per  cent  of  the  entire  nimiber  of  completed  connec- 
tions that  were  rung  in  error  and  this  is  a  very  small  fraction  of 
the  total  number  of  caUs. 

That  is  taken  from  the  observation  service.  We  can  tell  at 
any  period  of  the  day,  any  hoiu",  just  what  class  of  service  we  are 
giving  in  a  partictdar  exchange,  in  a  particular  town  or  territory; 
and  the  figures  have  shown  that  one-tenth  of  one  per  cent  of  all 
the  calls  completed  were  rung  in  error.  So,  as  to  that  part  of 
the  manual  system,  some  particular  fault  of  the  automatic  can 
also  be  found  to  offset  it. 

It  appears  to  me,  taking  the  subject  as  a  whole  that  it  is  as 
Mr.  Griswold  said  when  he  referred  to  the  last  paragraph  of 
Mr.  Winston's  paper  that  he  sums  up  the  entire  proposition  in  a 
few  words.  He  said  that  it  is  probable  that  before  many  years 
the  differences  of  opinion  which  now  exist  as  to  the  relative 
advantages  of  manual  and  automatic  will  disappear,  and  that 
definite  standards  will  be  adopted  for  the  various  conditions  of 
practice.  There  is  no  question  about  that.  I  believe  all  tele- 
phone engineers  agree  that  we  can  predict  that  without  fear  of 
being  contradicted. 

Mr.  Clement  described  his  semi-automatic  system,  but  as  I 
have  not  read  his  paper  through,  I  cotdd  not  grasp  the  full 
details,  but  I  believe,  just  speaking  for  myself  personally,  that 
this  is  the  eventual  outcome.  I  might  also  refer  to  a  remark  of 
Mr.  Keller  He  said  that  the  semi-automatic  would  be,  or 
could  be  used  as  a  stepping  stone  to  the  full  automatic  and  that 
if  that  cotdd  be  done,  it  would  be  very  desirable.  I  believe  that 
what  he  was  thinking  of  was  the  saving  that  cotdd  be  made  by 
deferring  the  expenditure  necessary  for  substation  equipment 
to  some  future  period.  It  is  my  opinion  that  is  not  what  is  going 
to  happen  in  the  futiu"e.  I  think  that  the  automatic  will  be  the 
stepping  stone  to  the  semi-automatic  for  this  reason — you  know 
that  recently  there  have  been  certain  laws  enacted  which  prohibit 
the  emplojmient  of  female  labor  for  more  than  eight  hoiu-s  out 
of  any  twenty-four.  This  places  a  burden  on  the  smaller  towns 
and  exchanges.  In  a  large  city  where  there  are  some  very  busy 
people,  such  as  railroads  and  other  large  offices,  using  the  tele- 
phone constantly,  the  amount  of  work  thatHhe  subscriber  must 
do  to  secure  his  connection  is  an  important  factor,  whereas  in  a 
smaller  town  it  need  not  be  given  consideration,  as  there  are  no 
large  business  houses  using  the  telephone  at  a  very  rapid  rate. 
Therefore  it  appears  to  me  that  the  automatic  will  ultimately 
be  used  for  ftunishing  service  in  smaller  towns,  say  up  to  a 
capacity  of  1,000  lines,  as  the  part  the  subscriber  may  play 
in  procuring  his  own  service  is  not  very  important.     In  the 
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larger  cities  where  a  man  has  his  mind  occupied  with  various 
details,  he  is  not  so  anxious  to  manipulate  the  instrument  him- 
self. As  a  result,  it  appears  that  ultimately  the  desirable  ser- 
vice, or  the  service  the  public  is  going  to  demand,  would  be  the 
manual. 

In  handling  the  manual  service,  our  present  switchboards 
are  designed  so  that  we  can  place  within  the  reach  of  one  oper- 
ator 9,600  lines.  Of  course,  on  a  jack  per  line  basis,  this  would 
mean  an  additional  number  of  stations  probably  a  ratio  of 
70  lines  to  each  100  stations,  but  when  you  reach  the  capacity 
of  9,600  lines,  it  means  additional  multiples.  It  means  that 
you  will  have  to  install  trunk  switchboards  that  will  have  addi- 
tional multiples  and  are  considered  second  units.  The  capacity 
of  each  unit  will  be  9,600  lines.  That  is,  an  operator  answer- 
ing a  call  on  the  first  unit  must  out-trunk  same  to  the  second 
unit. 

Now  in  a  city  like  New  York,  where  they  have  over  300,000 
telephones,  it  resolves  itself  to  a  question  of  what  per  cent  of  the 
total  calls  are  out-trunked,  and  it  is  figured  that  when  approxi- 
mately 70  or  75  per  cent  of  the  calls  are  out-trunked,  it  is  just  as 
economical  to  out-trunk  100  per  cent,  which  means  all  calls 
originating  at  the  *  A  '  position  will  be  out-trunked. 

Mr.  Clement  describes  a  clearing-house  system  and  also  oper- 
ating centers,  but  I  could  not  quite  grasp  his  idea.  It  would 
seem  to  me  that  the  ultimate  solution  of  this  problem  would 
be  something  like  this — to  provide  a  number  of  operating  centers 
in  a  city  like  New  York,  each  located  at  what  we  term  '  Wire 
Centers  \  that  is  a  particular  center  at  which  the  greatest  num- 
ber of  wires  radiating  from  same  would  be  the  shortest,  when  you 
take  down  your  receiver,  your  signal  would  show  before  the 
*  A  '  operator  and  after  giving  your  call — say  for  instance  Broad- 
way 4519 — she  would  then  simply  manipulate  the  keyboard 
and  the  rest  of  the  action  would  be  automatic,  that  is,  it  would 
select  a  trunk,  arrive  at  the  other  office,  select  the  particular 
number  you  wished  to  talk  to  and  ring  same — then  you  would 
have  solved  the  operating  problem  and  also  the  telephone  prob- 
lem as  well  as  it  can  be  solved  in  our  day  and  time.  I  am 
of  the  firm  opinion  that  the  ultimate  solution  of  the  problem  of 
handling  telephone  traffic  in  the  larger  cities  is  the  semi-auto- 
matic method  and  that  the  full  automatic  will  serve  the  smaller 
cities. 

Mr.  Schuler:  There  is  one  thing  that  the  gentleman 
spoke  of  that  interests  all  of  us  who  are  in  the  telephone 
business.  We  are  in  the  telephone  business  for  one  thing, 
and  that  is  to  sell  service.  Now,  the  point  in  my  mind  is 
this,  that  the  company  that  is  in  the  telephone  business  and  is 
going  to  do  the  most  business  is  the  one  that  sells  the  best  service. 
I  have  in  mind  a  place  where  the  Bell  Company  had  nine  hundred 
subscribers  and  the  Independent  started  with  250  subscribers 
four  years  ago.     Now  the  Independent  company  has  1,567  sub- 
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scribers  and  the  Bell  Company  has  less  than  200.  The  one  thing 
that  accomplished  it  was  service. 

Now,  what  constitutes  service.  Service  is  constituted  by  a 
man  going  to  his  telephone  and  getting  the  number  he  wants  in 
the  quickest  possible  time  and  getting  the  best  possible  trans- 
mission after  he  gets  his  number.  That  is  telephone  service.  If 
you  go  to  your  telephone  and  try  and  try  to  get  a  ntunber  and 
don't  get  it,  and  even  after  you  do  get  your  number  you  don't 
get  transmission,  you  are  not  getting  what  you  pay  for,  and  the 
man  in  the  telephone  business  is  not  delivering  what  he  is  paid 
for  doing.  In  my  mind  the  best  proposition  for  delivering 
telephone  service,  I  don't  care  whether  it  is  wireless  or  with 
wires,  or  whether  with  telephone  or  without  telephone,  that  will 
put  A  in  conmumication  with  B  and  give  A  that  commimication 
in  the  least  possible  time  and  give  them  both  the  best  possible 
transmission. 

I  have  made  a  niunber  of  tests — I  happened  to  be  manager  of 
the  first  two-wire  system  put  in  existence — I  made  a  partictdar 
investigation  of  why  we  could  not  get  business.  The  Bell  people 
were  not  giving  service.  We  were  giving  service  so  far  as  our 
calling  and  our  transmission  were  concerned,  but  we  were  not 
giving  service  because  the  people  did  not  use  the  apparatus 
right.  Now,  if  we  had  had  in  that  little  Illinois  town  the  auto- 
matic,'or  semi-automatic  service,  I  believe  we  would  have  gotten 
the  business.  I  called  on  100  of  our  subscribers  and  asked  each 
one  which  they  thought  best,  which  they  preferred  to  use,  and 
they  preferred  to  use  the  manual  service,  but  they  admitted 
they  could  get  better  service  over  our  lines,  but  they  did  not 
want  to  be  bothered  with  the  necessary  trouble. 

I  have  made  a  number  of  other  tests  in  regard  to  service.  I 
tried  getting  100  subscribers  on  the  manual  and  getting  100  sub- 
scribers on  the  automatic  service.  The  automatic  service  was  a 
new  plant  and  everjrthing  was  working  right,  and  I  would  get 
my  100  subscribers  in  a  great  deal  less  time,  making  allowance  for 
the  parties  who  did  not  answer,  the  moments  lost  in  waiting 
for  parties  who  did  not  answer  on  one  was  as  much  as  the  other 
— I  would  get  my  automatic  subscribers  in  less  than  80  per  cent 
of  the  time  it  took  on  the  manual.  I  visited  100  subscribers  and 
asked  them  which  they  preferred  to  use — whether  they  pre- 
ferred to  give  the  operator  the  number  and  let  the  operator  call 
it,  or  the  automatic.  A  large  per  cent  preferred  to  give  the  num- 
ber to  the  operator,  so  I  am  thoroughly  convinced  that  the  semi- 
automatic is  the  best  equipment. 

H.  B.  Tupper:  Mr.  Clement  in  his  paper  says,  "  It  appears 
that  after  the  operator  has  answered  the  calling  subscriber  and 
puts  up  his  connection,  she  clears  out  and  if  the  subscriber  does 
not  get  the  called  party  he  has  no  means  of  determining  whether 
that  subscriber  does  not  answer  or  whether  that  line  is  in  trouble, 
unless  he  should  flash  his  hook  and  probably  come  in  on  the  ap- 
paratus again  and  go  through  the  same  sequence  as  the  first  time" 
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We  use  a  method  in  the  manual  system,  we  have  toll  switching 
positions,  automatic  stick  down  keys,  which  work  the  same  as 
those  Mr.  Clement  speaks  of.  The  operator  plugs  in  to  the 
subscriber's  calling  jack  and  the  ringing  is  done  automatically 
through  a  machine  ringing  segment  on  the  ringing  machine. 
This  machine  ringing  device  throws  out  alternating  currents  and 
direct  currents  at  intervals  on  the  operator's  line  to  the  sub- 
scriber, and  it  will  continue  to  ring  until  the  subscriber  removes 
his  telephone  from  the  hook,  which  indicates  he  does  not  get  it 
and  he  can  jget  her  again  and  tell  her  conclusively  whether  the 
line  is  in  trouble  or  whether  the  subscriber  does  not  answer. 
That  is  a  point  that  should  be  embodied  in  the  automatic — the 
possibility  of  the  subscriber  getting  in  touch  with  the  operator 
without  going  through  the  sequence  of  working  up  his  auto- 
matic machinery  again. 

C.  L.  Cory:  I  have  enjoyed  the  discussion  of  the  automatic, 
the  manually  operated  and  what  has  here  been  called  by  dif- 
ferent names,  the  half  or  semi-automatic  or  automanual  tele- 
phone systems.  Considering  the  matter  somewhat  carefully 
from  yesterday,  it  would  seem  that  we  should  view  the  telephone 
situation  fairly  and  from  two  entirely  different  standpoints,  one 
with  the  attitude  of  the  subscriber  or  customer,  the  other  as 
necessarily  viewed  by  telephone  engineers  who  have  been  engaged 
for  years  in  perfecting  all  of  the  very  complex  apparatus  adopted 
and  so  successfully  used  in  telephone  systems. 

The  requirements  of  the  subscriber  may  be  compared  to  that 
of  the  customer  requiring  illumination,  using  electric  light. 
Illumination  from  such  a  source  of  light  is  needed  as  a  substitute 
during  certain  hours  of  each  24-hour  day  in  place  of  the  natural 
and  free  illumination  available  in  day  time.  As  long  as  the  sun 
provides  sufficient  light  the  individual  only  finds  it  necessary  to 
raise  the  shade  to  the  window  in  his  room.  In  the  absence  of 
stmlight  many  years  ago  man  found  it  necessary  to  devise  a 
substitute,  and  perhaps  in  the  order  of  use,  pitch  pine,  the  candle, 
and  the  coal  oil  lamp,  all  of  which  sources  of  light  were  under  the 
complete  control  of  the  individual  desiring  the  service. 

Upon  the  introduction  of  gas  and  incandescent  lamps  the 
service  was  not  completely  under  the  control  of  the  customer. 
In  somewhat  the  same  way  we  may  consider  telephone  service. 

I  myself  frankly  believe  that  the  method  by  which  one  calls 
or  attempts  to  get  in  communication  with  the  person  with  whom 
a  conversation  is  desired  should  be  considered  from  the  psycho- 
logical as  well  as  from  the  engineering  standpoint,  although  of 
course  the  methods  that  may  be  employed  by  the  customer  and 
devised  by  the  telephone  engineer  are  engineering  problems,  but 
it  will  not  do  to  lose  sight  of  the  attitude  of  mind  of  the  sub- 
scriber in  coming  to  a  definite  conclusion  as  to  the  best  system 
which  may  be  employed. 

Those  requiring  the  use  of  electric  light  had  nothing  to  do 
with  the  change  from  the  carbon  to  the  tungsten  incandescent 
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lamp.  Yet  the  service  is  much  better  and  cheaper  with  the 
latter  than  with  the  former.  Viewed  exclusively  from  the  stand- 
point of  the  customer,  he  might  have  been  thoroughly  satisfied 
for  all  time  with  the  old  carbon  lamp,  but  nevertheless  the  cus- 
tomer is  pleased  and  gratified  as  a  result  of  the  introduction  of 
the  tungsten  lamp  as  a  substitute  for  what  was  previously  con- 
sidered entirely  satisfactory,  namely,  the  carbon  filament  lamp. 
The  illustration  may  be  crude,  but  it  may  serve  as  evidence 
that  the  character  of  service  planned  for  the  customer  by  the 
inventor*  may  not  be  the  most  desirable  to  the  individual  paying 
for  the  service. 

Again  suppose  it  is  my  desire  to  speak  to  Mr.  Miller.  As 
we  are  now  both  in  this  room  I  merely  address  him.  The  entire 
conversation  is  within  our  control ;  barring  some  noise  or  similar 
interference  from  the  outside  our  mutual  understanding  of  one 
another  can  not  be  prevented.  Mr.  Miller  hears  me  addressing 
him  and  replies  directly.  Nobody  can  interrupt  our  conversa- 
tion. In  a  way  such  a  conversation  may  be  likened  to  sunlight 
as  a  source  of  illumination.  It  is  free.  It  is  controlled  as  we 
choose  and  no  interference  is  possible  from  others. 

When  artificial  illuminants  were  introduced  without  question 
the  idea  was  in  so  far  as  possible  to  get  results  approximating 
the  illumination  of  the  sunlight,  not  free  of  course,  as  this  would 
be  impossible.  Similarly  I  can  not  talk  with  Mr.  Miller  when  he 
is  in  Pasadena  as  I  do  here,  nor  can  I  talk  with  him  when  in 
San  Francisco.  We  need  some  artificial  arrangement,  which  is 
the  telephone,  in  order  to  make  pur  conversation  possible  at 
the  greater  distance.  Notwithstanding  this,  my  attitude  of 
mind  as  I  desire  to  talk  with  Mr.  Miller  when  he  is  distant 
certainly  approximates  the  condition  which  we  can  so  readily 
establish  here  when  we  are  within  a  few  feet  of  one  another. 
This  obvious  fact  will  certainly  be  admitted  by  all.  It  is 
the  work  of  the  telephone  engineer  to  approximate  that  con- 
dition. 

To  put  it  in  a  little  different  way,  Mr.  Miller  may  be  across 
the  street,  or  in  Pasadena,  or  Long  Beach  or  Redondo  or  San 
Francisco,  and  I  desire  to  talk  with  him.  No  matter  where  he 
may  be  it  is  my  desire  if  possible  to  carry  on  a  conversation  with 
him  as  I  may  do  here  in  this  room.  This  is  the  attitude  of  every 
telephone  subscriber.  In  order,  however,  to  get  into  communica- 
tion with  Mr.  Miller,  what  is  my  preference.  Spell  out  his 
location  myself,  because  that  is  what  it  amounts  to  in  the  auto- 
matic system,  or  remembering  that  I  am  subject  to  error,  would 
I  prefer  to  take  the  telephone  off  the  hook,  addressing  an  oper- 
ator in  the  central  office  and  trust  to  the  system,  which  includes 
operators  and  devices,  to  connect  me  with  him,  no  matter  where 
he  may  be.  I  have  been  impressed  greatly  and  much  admire 
the  mechanisms  that  have  been  evolved  in  the  automatic  system, 
but  the  question  finally  comes  down  to  this:  would  I  prefer  to 
simply  express  my  desire  to  talk  with  Mr.  Miller  by  giving  hi§ 
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number  to  the  central,  or  individually  spell  out  Mr.  Miller's 
location  myself  so  that  I  may  talk  with  him. 

The  preference  of  the  subscriber  in  such  an  instance,  it  seems 
to  me,  depends  entirely  upon  conditions.  It  may  be  necessary 
and  really  demanded  that  the  automatic  system  be  used,  by 
which  every  individual,  no  matter  what  language  he  may  speak, 
finds  it  possible  to  spell  out  the  location  of  the  person  to  whom  he 
desires  to  talk,  as  was  stated  here  might  happen  in  Havana, 
or  any  other  city  containing  in  its  population  subscribers  speak- 
ing many  different  languages  who  use  the  telephone,  but  it  does 
not  necessarily  follow  that  this  is  desirable  in  a  city  using  say 
300,000  telephones  and  covering  an  area  less  than  the  city  of 
Los  Angeles. 

Naturally  the  telephone  engineer  has  confronting  him  the 
problem  of  providing  as  far  as  possible  a  system  so  that  I  may 
talk  to  Mr.  Miller  if  he  is  in  Los  Angeles,  only  across  the  street, 
or  in  San  Bernardino  or  San  Francisco  in  a  manner  as  nearly 
as  may  be  as  we  talk  together  in  this  room.  As  a  matter  of  fact, 
I  may  not  know  in  the  beginning  where  Mr.  Miller  is,  and  it 
does  seem  that  the  plan  where  we  have  combined  local  and  long 
distance  service,  whereby  a  skilled  operator  is  used  in  locating 
the  person  to  whom  one  desires  to  talk,  may  perhaps  be  much 
better  than  to  have  such  locating  done  by  the  customer,  who  can 
not  possibly  be  so  skilled  as  a  regular  operator. 

If  the  automanual  as  has  been  described  in  one  of  the  papers 
here  will  make  it  possible  for  the  subscriber  to  call  up  central, 
give  the  number  desired,  and  then  the  operator  in  the  central 
office  by  using  a  similar  automatic  device  can  the  more  ac- 
curately, speedily  and  economically  connect  the  subscriber 
with  the  individual  called,  that  system  it  would  seem  would  be 
the  best  of  the  three  under  discussion  as  treated  in  the  papers 
presented. 

In  conclusion  it  shotdd  be  said,  I  think,  that  the  problem  of 
devising  the  best  possible  telephone  system  should  be  viewed  not 
solely  from  the  standpoint  of  the  subscriber,  but  very  largely  so. 
At  the  same  time,  all  of  the  possibilities  shotild  be  given  the  most 
careful  consideration  by  the  telephone  engineer.  The  require- 
ments of  the  subscriber  should  be  met  as  far  as  possible  by  the 
telephone  engineer,  whether  the  service  required  is  long  distance 
or  local,  in  a  small  community  with  a  comparatively  small 
number  of  telephones,  or  in  a  great  city  of  large  area  with 
hundreds  of  thousands  of  telephones,  any  two  of  which  may  be 
connected  together  in  the  least  possible  time,  and  in  the  operation 
of  which,  without  question,  there  will  be  a  decided  peak  load 
during  certain  hours  of  the  working  day  which  must  be  taken 
care  of  if  the  service  provided  is  satisfactory. 

Ardiur  Bessey  Smifli:  The  paper  presented  by  Mr.  Clement 
is  very  interesting  in  that  it  presents  clearly  a  very  essential 
question  involved  in  exchange  operation.  The  question  may  be 
stated  thus.     Is  the  human  element  necessary  and  desirable 
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in  connecting  exchange  lines?  While  every  human  activity  re- 
quires httman  attention  to  some  degree,  there  are  many  things 
which,  on  accotmt  of  their  nature,  may  be  better  and  more 
satisfactorily  handled  by  machinery.  Before  we  can  decide 
whether  or  not  the  telephone  exchange  comes  within  the  auto- 
matic field,  it  is  necessary  to  consider  two  features,  viz.j  the  nature 
of  telephone  service  and  the  practicability  of  selecting  lines  by 
automatic  machinery.  Since  Mr.  Clement  has  himself  acknowl- 
edged the  latter  point,  we  may  confine  our  attention  to  the 
former. 

Telephone  service  consists  essentially  in  establishing  means 
whereby  conversation  may  be  held  between  two  points.  This  is 
usually  limited  to  speech  transmission  by  electrical  apparattis 
connected  by  wires.  When  we  have  turned  such  an  arrange- 
ment over  to  two  or  more  people  to  use,  we  have  rendered  tele- 
phone service.  Since  the  outfit  is  usually  owned  and  main- 
tained by  a  company  for  public  use,  a  fee  is  charged  whenever 
it  is  loaned  to  any  person  or  institutions.  Also  because  the 
people  must  pay  for  telephone  service  it  demands  that  the  service 
shall  have  some  degree  of  quality. 

The  elements  of  quality  in  telephone  service  are,  in  order  of 
importance,  as  follows: 

Accuracy  of  connection,  quality  of  transmission,  speed  of 
connection  and  disconnection,  proper  treatment  and  ease  of 
securing  connection. 

Voice  transmission  is  usually  very  good  in  ifiodem  exchanges 
so  that  for  our  present  discussion  we  may  omit  it  from  the  list. 
This  leaves  the  following: 

1.  Accuracy  of  connection. 

2.  Speed  of  connection  and  disconnection. 

3.  Proper  treatment. 

4.  Ease  of  securing  connection. 

Theoretically,  it  might  seem  that  the  human  element  is  indis- 
pensable to  the  rendition  of  good  service,  but  practical  experi- 
ence has  shown  that  almost  all  of  an  operator's  work  is  in- 
herently mechanical,  requiring  no  judgment.  In  the  total 
of  a  day's  work,  the  calls  which  reqtdre  intellect  are  so  few  that 
they  can  be  cared  for  by  very  few  clerks. 

The  automatic  switchboard  can  render  excellent  service  in 
all  of  the  elements  named  above.     These  I  will  discuss  in  detail. 

The  transmission  of  a  number  by  mechanical  and  electrical 
means  is  far  more  accurate  than  by  voice.  In  the  messenger 
company  analogy,  used  by  Mr.  Clement,  the  public  would  not 
entrust  its  business  to  such  a  concern  if  address  of  a  parcel  were 
given  to  the  messenger  orally  .Nothing  but  a  plainly  written 
address  will  do.  There  are  many  chances  of  mistake  in  oral 
transmission,  both  on  the  part  of  subscriber  and  of  operator. 
The  act  of  spelling  out  a  number  with  a  calling  device  is  naturally 
conducive  to  accuracy  since  it  is  done  through  sight  and  touch, 
the  two  senses  upon  which  man  places  his  greatest  reliance. 
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From  the  standpoint  of  the  subscriber,  automatic  service 
is  quicker  than  either  manual  or  auto-manual.  The  time  from 
the  initiation  of  a  call  to  its  connection  through  the  apparatus 
is  from  a  third  to  a  half  as  long  with  automatic  as  with  auto- 
manual.  The  saving  when  compared  with  manual  service  is 
even  greater. 

It  may  seem  strange  to  compare  a  human  operator  and  a  switch 
as  to  "  treatment  of  the  public,"  but  the  relation  exists  and  is  very 
real.  Far  from  being  "  the  principal  ground  for  confidence  " 
the  operator  touches  the  public  with  a  treatment  as  variable  as 
her  moods.  The  automatic  switch  treats  the  public  with  uni- 
form courtesy — the  courtesy  of  implicit  obedience.  In  all  but  a 
limited  number  of  cases  no  subscriber  asks  more  than  that  his 
desire  for  a  connection  shall  be  quickly  and  accurately  made, 
which  service  the  switch  certainly  performed.  The  automatic 
switch  accords  the  public  the  best  possible  treatment. 

Generally  speaking,  to  relieve  the  subscriber  of  all  work 
possible  is  not  necessarily  inconsistent  with  the  highest  type  of 
service.  The  highest  and  best  service  is  rendered  when  we 
most  completely  meet  the  subscriber's  desires  and  needs.  Further, 
not  all  the  labor  of  making  a  manual  call  is  felt  by  the  hand,  for 
the  brain  and  the  organs  of  speech  are  involved.  Compared 
with  the  oral  transmission  of  a  number,  it  is  a  relief  to  turn  the 
dial.  The  subscriber  does  not  feel  it  to  be  a  burden,  but  regards 
it  as  an  efficient  means  to  an  end.     He  asks  for  results. 

To  sum  it  up,  I  believe  that  the  amount  of  telephone  traflSc 
which  requires  direct  access  to  human  intelligence  is  so  small  as  to 
be  negligible.  The  small  class  of  calls  which  requires  special 
attention  should  be  handled  as  at  present  by  clerks,  who  are 
not  operators.  For  the  great  bulk  of  traffic  the  human  operator 
is  not  only  unnecessary,  but  a  positive  hindrance  to  good  service. 
People  desire  service,  that  is,  telephonic  connection,  which  the 
automatic  switch  has  the  special  capacity  to  give.  The  perfect 
rendition  of  this  service  has  established  among  automatic  users 
a  feeling  of  strong  confidence. 

Henry  P.  Clausen:  Mr.  Clement  states  that  in  the  manual 
switchboard  an  operator  can  attend  to  from  280  to  290  connec- 
tions per  hour.  While  I  do  not  think  that  this  figure  is  any  too 
high,  the  records  of  the  average  exchanges  throughout  the  cotmtry 
will  run  more  closely  to  the  250  calls  per  hour  figure,  and  that 
only  during  the  busy  ten  hours  of  the  day.  During  the  peak 
hour,  however,  operators  will  frequently  go  as  high  as  400  calls 
per  hour,  and  for  short  periods  an  observation  has  shown  that 
an  operator  can  answer  as  many  as  425  calls  per  hour.  300  to 
330  calls  during  the  peak  load  is  not  at  all  unusual.  In  fact, 
in  one  of  the  exchanges  mentioned  by  Mr.  Clement  the  writer 
has  found  a  record  showing  288  calls  per  operator's  hour,  and  it  is 
interesting  to  observe  that  63  operators  on  duty  at  the  same  time 
were  averaging  this  number  of  calls. 

According  to  Mr.  Clement's  statement,  only  31  per  cent  of 
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the  total  cx)rd  circuits  are  in  use  at  one  time  dtiring  the  peak  load. 
The  writer  does  not  think  that  this  can  be  absolutely  correct, 
and,  in  fact,  upon  consulting  the  records  of  one  of  the  exchanges 
cited,  63  positions  were  in  service,  each  equipped  with  15  cord 
circuits,  and  out  of  a  total  of  18,200  calls  during  the  peak  load, 
allowing  three  minutes  per  conversation,  96  per  cent  of  the 
connective  means  were  in  service;  and,  taking  the  run  of  calls 
during  this  particular  day,  out  of  a  total  of  189,000  possible 
three-minute  conversational  connections,  135,000  calls  were 
taken  care  of,  which  then  gives  us  about  70  per  cent  of  the  con- 
nective means  in  service  during  a  continuous  run  df  ten  hours. . 

Another  statement  made  by  Mr.  Clement  refers  to  the  ex- 
pense of  operating  the  tnmk  circxiits  in  a  certain  exchange, 
which,  he  sajrs,  amounted  to  31  per  cent  of  the  total  operating 
charge.  As  Mr.  Clement  gave  the  name  of  the  exchange,  the 
writer  was  in  position  to  examine  into  the  records  and  fotmd  the 
following:  Out  of  a  total  of  21,300 calls,  requiring  198  operators' 
hours  for  handling  them,  6500  were  tnmked  outward,  which 
equalled  about  30  per  cent.  The  incoming  trunks  amounted  to 
something  over  5600  calls  during  the  day,  and  these  were  taken 
care  of  by  58  B  operators*  hoiu-s.  Mr.  Clement  probably  had 
the  above  records  before  him  when  preparing  his  statement, 
and  therefore  did  not  carefully  consider  the  local  conditions, 
for,  when  it  is  learned  that  in  this  particular  exchange  the  B 
operators,  instead  of  answering  calls  of  from  350  to  400  per  hour, 
as  is  the  usual  practice,  were  only  answering  98  calls  per  hour, 
it  will  reveal  to  every  traffic  man  a  serious  condition  of  affairs, 
requiring  correction. 

In  discussing  full  automatic  exchange  operation,  Mr.  Clement 
suggests  that  irresponsible  persons  may  call  anyone  and  cause  a 
great  deal  of  annoyance  without  danger  of  detection,  and,  as  I 
understand  the  description  of  the  automanual  system,  the  same 
difficulty  remains,  for,  when  an  automanual  operator  sets  up  a 
connection  and  presses  the  starting  button,  this  connection  passes 
beyond  her  control  and  she  is  not  able  to  detect  any  improper 
use  of  the  telephone. 

I  believe  that  it  is  admitted  that  in  the  full  automatic  ex- 
change one  attendant  is  required  for  every  700  subscribers, 
these  attendants  taking  care  of  the  automatic  switches,  super- 
vising them  while  the  exchange  is  in  operation;  but  it  is  not 
brought  out  by  Mr.  Clement  that  the  automanual  system,  em- 
ploying, as  I  understand  it,  the  same  number  of  line  switches  and 
trunking  switches  as  the  full  automatic,  must  also  employ  the 
same  number  of  attendants.  This  would  very  seriously  increase 
the  operating  expenses. 

As  to  the  statement  that  one  day's  training  is  sufficient  for  an 
automanual  operator,  this  may  require  some  qualification  in  the 
direction  of  tmderstanding  how  efficient  such  an  operator  may 
be  for  performing  the  difficult  feat  of  handling  subscribers  calling 
for  service. 
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It  is  further  stated  that  all  operations  in  the  automanual 
system  are  standard.  How  are  the  different  classes  of  service 
taken  care  of;  for  example,  pay-station,  measured  service  and 
flat  rate  service.  Such  calls  as  require  the  recording  of  sub- 
scribers' numbers  should  prove  very  difficult  in  the  automanual 
system,  for  the  operator  has  nothing  before  her  to  indicate 
the  calHng  subscriber's  identity,  and  it  would  appear  difficult 
to  obtain  it  other  than  by  inquiry,  and  then  at  the  risk  of  being 
given  the  wrong  line  number  or  wrong  information.  At  any  rate, 
pay-station  and  measlired  service  calls,  which  in  many  exchanges 
run  into  quite  a  large  percentage  of  the  total  number  of  sub- 
scribers* calls,  cannot  be  handled  at  the  high  rate  claimed  in  Mr. 
Clement's  system. 

In  the  comparative  work  units  submitted,  and  based  upon  the 
number  of  movements  of  the  A  operator  in  handling  a  local  call, 
a  more  equitable  division  could  have  been  made,  but  Mr.  Clement 
makes  the  serious  error  of  completely  ignoring  the  presence  in 
the  manual  switchboard  of  overlapping  operations  upon  the  part 
of  an  operator.  Each  distinct  operation  is  said  to  be  performed 
to  the  exclusion  of  any  other;  this,  while  it  is  true  for  the  auto- 
manual system,  is  not  the  experience  in  manual  operation,  for 
in  the  manual  switchboard  an  operator  can  respond  and  does 
act  upon  audible  and  visual  signals  practically  simtdtaneously, 
and  at  the  same  time  each  hand  may  be  jised  for  a  different  opera- 
tion. As  a  matter  of  fact,  it  would  be  impossible  for  an  operator 
of  a  manual  switchboard  to  handle  300  connections  per  hour 
were  the  overlapping  not  present,  for  telephone  calls  do  not 
always  accommodatingly  originate  in  equally  timed  periods  as 
they  should  if  each  operation  were  distmct  and  separate  from 
every  other  operation,  for  at  times  three,  four,  or  more -calls 
appear  upon  a  position  at  practically  the -same  instant  and  a 
great  many  of  the  answering  operations  are  then  performed 
practically  simultaneously. 

It  is  at  this  point  that  I  want  to  bring  out  one  of  Mr.  Clement's 
suggestions,  "  When  a  subscriber  calls,  if  he  receives  a  quick 
response,  he  is  satisfied,  even  though  a  slight  delay  occurs  later," 
for  it  is  the  overlapping  operations  which  permit  the  operator  of 
the  manual  switchboard  to  produce  what  we  call  a  three-second's 
service.  An  operator  cannot  possibly  complete,  say,  four  calls 
in  their  entirety  in  three  seconds'  time,  but  she  can  answer  the 
calls  in  that  time  by  quickly  inserting  the  answering  plug  into 
the  jack  and  calling  for  number. 

In  the  automanual  system,  as  understood  by  me,  an  operator 
is  expected  to  answer  1,000  calls  per  hour,  which  in  an  exchange 
originating  5,000  calls  during  a  busy  hour  means  five  operators. 
What  is  the  result  when — as  it  is  entirely  probably — 20  sub- 
scribers' calls  are  received  within  a  given  second  or  several 
seconds'  time.  According  to  the  figures  upon. which  the  auto- 
manual operation  is  based,  it  takes  an  average  of  3.6  seconds  for 
an  operator  to  respond  to  and  set  up  an  automanual  connection; 
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therefore,  in  order  to  answer  the  20  calls,  it  will  require  72  seconds 
time;  dividing  this  by  the  five  operators  who  are  not  able  to  per- 
form any  overlapping  operations,  it  appears  that  at  least  14 
seconds  must  elapse  before  the  last  one  of  the  20  calling  sub- 
scribers is  disposed  of;  and  with  more  than  20  calls  the  delay 
would  be  much  greater.  This,  I  believe,  is  one  of  the  most  im- 
portant points  not  discussed  by  Mr.  Clement. 

C.S.  Winston:  Mr.  Griswold  brought  up  the  question  of  the 
method  of  handling  reverting  calls  in  an  automatic  system. 
Most  of  you  probably  know  that  a  reverting  call  is  a  call  from  one 
station  on  a  party  line  for  a  second  station  upon  that  same  line. 
In  manual  equipment  this  does  not  present  any  very  difficult 
problems,  but  in  the  automatic  it  is  a  very  different  thing.  In 
the  three-wire  automatic  the  problem  has  been  solved  and  it  is 
possible  for  one  party  to  call  for  another  on  the  same  line  without 
knowing  that  he  is  calling  for  a  station  upon  the  line  upon  which 
his  station  is  located.  In  the  two-wire  automatic,  using  auto- 
matic ringing  the  problem  is  entirely  different.  Up  to  the  present 
time,  I  telieve,  no  satisfactory  means  has  been  found  for  ac- 
complishing this  result,  and  hence  it  is  necessary  for  a  sub- 
scriber to  know  that  the  telephone  of  the  man  with  whom  he 
wishes  to  talk  is  upon  his  own  line.  If  he  does  not,  he  will  call 
and  receive  a  busy  test  just  the  same  as  if  he  were  calling  for  a 
separate  line  which  was  in  use.  The  number  of  calls,  however, 
of  this  sort,  I  understand,  is  not  very  great,  and  I  do  not  think 
that  any  particular  trouble  has  been  experienced  with  that 
difficulty. 

No  telephone  system  is  or  ever  will  be  absolutely  without 
defects,  or  entirely  ideal.  This  refers  to  manual  equipment  as 
well  as  automatic  equipment.  In  the  automatic  system,  if  a 
subscriber  upon  a  party  line  takes  off  his  receiver  at  the  time 
the  second  subscriber  upon  that  same  line  is  signalling,  trouble 
is  sure  to  be  met  as  the  impulses  which  are  sent  subsequent  to 
the  removal  of  the  second  receiver  will  be  lost  and  the  proper 
station  will  not  be  called  and  possibly  no  station  will  be  sig- 
nalled. I  see  no  way  in  which  this  defect  can  be  overcome.  It 
is  one  of  the  defects  which  seemingly  are  inherent  in  automatic 
equipment. 

In  automatic  equipment  difficulty  is  met  in  the  handling  of 
meastired  service.  This  is  true  either  when  service  meters  are 
used  at  the  central  office,  or  nickel  boxes  at  the  subscribers' 
stations.  That  is,  if  a  party  is  called  and  another  party  responds 
the  charge  is  made*  just  the  same  as  when  the  call  is  properly 
completed. 

Mr.  Griswold  also  brought  out  another  point  in  regard  to  two 
subscribers  plugging  into  jacks  of  the  same  line  simultaneously 
in  the  system  which  I  referred  to  as  the  automatic  distributing 
system.  I  don't  think  that  trouble  will  be  met  with  on  this 
account.  In  the  system  which  my  company  has  laid  out,  more 
or  less  in  detail,  there  is  a  relay  in  the  cord  or  tnmk  circuit  which 
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operates  as  soon  as  the  plug  is  inserted  into  the  jack  of  a  line 
and  if  two  plugs  are  inserted  into  two  j  acks  of  a  line  simul- 
taneously, it  would  be  necessary  for  them  to  operate  at  the 
same  instant  before  trouble  cotdd  result.  I  don't  think  the 
chances  for  this  to  happen  would  be  as  great  as  the  chances  in 
the  manual  system  of  missing  the  busy  test  and  plugging  into 
the  jacks  of  a  line  already  in  use. 

It  was  suggested  by  Mr.  Miller,  I  believe,  that  a  possible  solu- 
tion of  the  problem  might  be  in  the  combination  of  the  semi- 
automatic and  the  full  automatic.  It  hardly  seems  to  me  that  this 
would  be  a  satisfactory  arrangement.  In  communities  where 
the  plan  has  been  used  of  operating  both  common  battery  and 
magneto  telephones  the  results  obtained,  I  understand,  are  very 
unsatisfactCMy.  If  a  man  has  one  type  of  telephone  and  a 
friend  of  his  one  of  the  other  type,  he  is  apt  to  make  up  his 
mind  that  he  prefers  the  telephone  which  John  Jones  has  and  he 
is  not  satisfied  tmtil  he  gets  it.  It  seems  to  me  that  trouble  would 
be  met  with  if  this  suggestion  of  Mr.  Miller's  were  followed. 

Such  an  arrangement  would  complicate  the  central  office 
equipment,  require  extra  apparatus  equipment  and  hence  the 
expense  of  maintenance  would  be  increased.  I  don't  think 
the  service  wotdd  be  as  satisfactory  as  if  either  one  of  the  two 
systems  were  used  alone. 

It  has  occtured  to  pie  that  there  may  be  confusion  due  to  the 
fact  that  in  my  paper  I  referred  to  the  **  semi-automatic  system  " 
and  Mr.  Clement  referred  to  a  system,  practically  the  same,  as 
the  "  automanual  system."  There  are  no  differences  as  far  as 
operation  goes  and  the  differences  which  exist  are  all  merely 
differences  of  detail.  The  automantial,  or  semi-automatic, 
is  nothing  more  nor  less  than  an  automatic  system  in  which 
the  dials  are  removed  from  the  subscribers'  stations  and  opera- 
tors at  the  central  office  do  the  work  which  is  done  by  the  sub- 
scribers in  a  full  automatic  system. 

Very  frequently  in  semi-automatic,  or  automanual  there  is 
more  or  less  trouble  due  to  the  fact  that  after  the  connection  has 
been  established,  as  Mr.  Clement  has  already  stated,  the  opera- 
tor is  entirely  disconnected  from  the  circuit.  If  for  any  reason 
the  subscriber  desires,  after  the  connection  has  been  established, 
to  call  the  attention  of  the  operator,  or  perhaps  I  should  say  to 
converse  with  the  operator,  the  operation  of  the  switch-hook 
will  disconnect  the  apparatus  entirely  and  instead  of  calling 
the  attention  of  the  operator  he  called  originally,  he  may  get 
some  other  operator.  This  may  cause  trouble,  although  I  under- 
stand not  a  great  amount  has  been  experienced  in  the  three  or 
four  places  in  which  the  automanual  is  now  in  use. 

It  does  not  seem  to  me  that  automatic  equipment  is  likely 
to  be  used  in  small  towns.  I  don't  think  there  is  likely  to  be 
any  great  conflict  of  opinion  in  regard  to  this  point.  In  small 
plants  the  cost  of  maintenance  must  necessarily  be  low  and  the 
original  cost  of  automatic  equipment,  and  the  cost  of  main- 
tenance, would  in  all  probability  make  it  prohibitive. 
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Mr.  Clement  stated  in  his  paper  that  in  a  telephone  system 
subscribers  pay  for  service  and  hence  should  not  be  bothered 
with  duties  which  should  really  be  done  by  the  operator.  I 
hardly  agree  with  him  in  this  respect.  I  seems  to  me  that  if  the 
subscribCTs  do  not  object  to  performing  this  work,  and  advantage 
is  gained  by  using  full  automatic,  it  is  certainly  justifiable  to 
do  so. 

This  brings  us  up  to  another  point.  One  or  two  of  those  who  took 
part  in  the  discussion  have  stated  that  they  thought  this  whole 
subject  would  result  in  the  adoption  of  the  system  which  would 
give  the  best  service.  While,  of  course,  service  will  play  an 
important  part,  yet  I  think  it  is  a  secondary  consideration.  The 
foundation  of  any  business  is  laid  upon  the  returns  which  are 
expected  from  the  investment;  that  is,  you  get  down  to  the  old 
proposition  of  the  almighty  dollar.  If  it  is  found  that  automatic 
equipment  can  be  bought  and  operated  at  less  expense,  and  hence 
will  give  greater  returns  on  the  investment  than  manual,  it 
is  the  system  which  will  be  used. 

In  places  in  which  automatic  has  been  employed,  the  subscrib- 
ers have  shown  that  they  are  willing  to  operate  the  dials  without 
complaint  and  it  seems  to  me  that  the  operating  companies 
must  decide  which  system  will  meet  their  ends  best,  and  install 
that  equipment  universally.  The  service,  of  course,  will  be 
improved,  and  kept  at  as  high  an  efficiency  as  possible;  but 
it  all  boils  down  to  the  fact  that  it  will  not  be  improved  unless  an 
improvement  will  increase  the  returns  upon  the  investment. 

E.  E.  Clement:  The  work  which  I  present  is  individual  work, 
and  I  have  tried  to  present  it  in  an  individual  way.  I  have  tried 
to  look  at  both  sides  of  this  subject  impartially,  and  having  gone 
into  the  question  very  thoroughly  on  both  sides,  I  long  ago  per- 
sonally decided  in  my  own  mind  that  the  semi-automatic  prin- 
ciple, in  whatever  form  embodied,  would  necessarily  be  used  in 
the  futiu'e.  Of  course  I  have  advocated  that  ever  since.  Now, 
a  man  ought  to  be  able  to  give  some  reasons  for  the  faith  that 
is  in  him,  and  that  is  what  I  have  tried  to  do  in  my  paper,  and 
shall  continue  in  these  remarks. 

Mr.  Keller  read  a  very  interesting  letter  from  a  friend  of 
his  in  the  Siemens  and  Halske  Company  in  Berlin,  in  regard  to 
their  work  over  there.  I  would  not  refer  to  this  except  that  Mr. 
Keller  in  discussing  it  stated  that  he  had  been  surprised  to  learn 
that  the  Germans  had  been  developing  along  my  line.  Dr. 
Raps  and  Mr.  Grabe,  of  the  Siemens  and  Halske  Company, 
have  been  in  touch  with  me.  They  were  over  here  several  years 
ago  with  a  party,  and  were  given  every  opportimity  to  see  my 
work.  They  are  desirous  of  introducing  these  improvements  in 
Geraiany,  and  I  mention  this  so  that  no  false  impressions  will 
arise  as  to  the  situation.  I  do  not  believe  that  the  Germans  or 
any  other  foreigners  have  done  any  substantial  work  in  de- 
veloping the  automatic  or  semi-automatic  systems  in  any  form 
in  which  they  appear  in  this  country. 
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Mr.  Keller  also  referred  to  changing  what  he  called  "  half- 
automatic  "  to  full  automatic,  and  to  "  mixed  "  systems.  I 
tried  to  make  clear  yesterday  and  in  my  paper  that  in  my  auto- 
manual  system  there  is  one  vitally  distinctive  feature,  (among  a 
great  many  original  features)  which  is  not  found  in  any  full 
automatic  system,  or  in  any  of  the  ordinary  so-called  "  semi- 
automatic." systems,  of  the  type  referred  to  by  Mr.  Winston. 
I  refer  to  the  use  of  an  operator's  trunk,  separate  and  distinct 
from  the  talking  trunks  which  are  used  to  connect  the  sub- 
scribers for  conversation.  Disregarding  this,  the  basic  principle 
of  semi-automatic  amounts  to  no  more  than  moving  your  senders 
in  from  the  subscribers*  stations  to  the  central  ofl&ce.  There  is 
no  reason,  either  technical  or  psychological,  why  a  mixed  system 
should  not  be  employed  if  it  is  wanted;  that  is,  we  can  arrange 
our  circuits  so  that  all  the  connections  are  made  by  automatic 
switches,  but  some  of  the  subscribers  can  have  senders  and  work 
the  switches  direct,  while  the  rest  of  the  subscribers  are  handled 
by  the  operators.  This  condition  would  actually  exist  during 
the  process  of  changing  over  an  existing  full  automatic  equip- 
ment to  automanual,  which  we  can  do  very  readily,  but  for  perma- 
nent use  I  would  not  care  to  recommend  such  a  system. 

In  considering  my  individual  operator's  trunk,  it  must  be 
remembered  that  any  semi-automatic  system  which  ties  the 
operator  to  the  talking  trunks  necessarily  loses  almost  all  the 
advantages  of  operator-centralization.  The  key  to  the  solution 
of  this  problem  is  in  the  provision  of  separate  operators'  trunks, 
which  are  automatically  connected  to  and  disconnected  from 
the  talking  trunks,  and  which  can  be  made  of  any  length  desired, 
so  that  the  operators  can  be  centralized  or  shifted  around,  or 
divided  into  different  centers,  or  otherwise  handled  as  traffic 
conditions  and  the  discipline  of  the  operating  companies  may 
render  desirable.  This,  with  a  number  of  other  features,  are 
broadly  new  and  peculiar  to  my  automanual  system.  I  know 
quite  a  number  of  these  features  have  been  taken  up  and  followed 
by  others  as  we  have  developed  and  announced  them.  I  am 
aware  that  other  people  will  try  to  get  into  this  line  of  business, 
but  these  are  commercial  questions  with  which  the  Institute  is 
not  concerned,  and  I  am  sorry  that  others  have  brought  them 
up.  At  the  same  time,  I  am  glad  of  this  opportunity  for  an 
answer  on  my  part.  I  may  say  that  I  believe,  commercial  and 
legal  questions  being  disregarded,  if  every  telephone  manufac- 
turing company  started  making  similar  apparatus,  the  supply 
would  not  exceed  the  demand  in  the  next  ten  or  fifteen  years. 

In  this  same  connection,  the  matter  of  making  a  recall  has 
several  times  been  referred  to.  It  is  stated  that  if  the  calling 
subscriber  gets  his  connection  and  the  operator  is  cut  oft,  the 
subscriber  cannot  call  her  back.  This  is  true,  and  no  trouble 
can  or  does  flow  from  it,  the  facts  being  quite  contrary  to  Mr. 
Winston's  statement  this  morning.  In  my  system  the  sub- 
scriber hangs  up  his  receiver,  is  instantly  cleared  out,  takes  down 
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his  receiver  and  instantly  gets  an  operator,  who  may  be  the  same 
or  another.  The  whole  operation  of  hanging  up  and  taking  down 
is  practically  instantaneous,  much  quicker  in  fact  than  any 
ordinary  recall  could  be.  What  is  the  use  of  tying  the  operator 
up  and  interf erring  with  the  work.  If  a  man  wants  to  make  a 
recall,  he  can  do  it  better  by  making  a  fresh  call.  If  he  wants 
to  report  some  trouble,  or  to  make  another  call,  he  can  get  the 
operator  or  he  can  get  the  trouble  clerk,  without  delay. 

Reference  has  been  made  in  the  discussion  to  the  full  auto- 
matic system  operated  through  subscribers'  metallic  lines 
without  grounds.  As  I  have  stated,  I  can  operate  my  central 
office  mechanism  from  the  subscribers'  stations,  over  metallic 
circuits,  and  in  fact  I  may  state  broadly  that  I  can  do  with  this 
system  anything  that  is  done  or  cotild  be  done  with  any  full 
automatic,  for  the  obvious  reason  that  I  have  the  full  automatic 
equipment  at  the  central  office;  and  I  can  also  do  anything  with 
this  system  that  can  or  should  be  done  in  a  manual  system,  for 
the  obvious  reason  that  I  have  operators  at  the  central  office, 
while  the  subscribers'  equipments  and  line  connections  are  the 
same  as  in  the  manual  system.  In  fact,  when  I  started,  a  good 
many  years  ago,  to  attack  these  problems,  I  first  of  all  worked 
out  those  which  are  common  to  all  automatic  practice,  among 
them  the  metallic  circuit  problem,  which  seemed  very  difficult 
in  the  beginning.  Years  ago  I  was  able  to  make  a  report  with 
blue  prints  of  two  wire  metallic  circuits  which  had  been  then 
successfully  working  automatic  switches  for  a  long  time,  using 
timing  solenoids  instead  of  the  magnets  referred  to  by  Mr.  Win- 
ston. In  that  full  automatic  circtiit  I  also  had  selective  auto- 
matic ringing,  which  has  been  successfully  working  ever  since, 
having  been  grafted  into  the  automanual  circuits.  I  believe 
the  principles  thus  discovered  are  indispensable  for  good  practice. 

Mr.  Griswold,  and  some  of  the  other  speakers,  on  the  question 
of  reliability,  have  referred  to  the  question  from  the  subscribers' 
standpoint  alone.  I  think  we  must  look  at  this  problem  from 
every  standpoint,  not  only  the  subscriber's  but  the  company's, 
and  also  as  Professor  Cory  has  said,  the  standpoint  of  those  engi- 
neers and  their  associates  who  have  given  their  lives  to  developing 
these  systems.  In  the  practical  aspect  of  the  question,  there  are 
only  the  subscriber,  who  wants  service,  and  the  company,  which 
is  called  on  to  furnish  that  service  in  enormous  quantities,  and 
must  therefore  practice  economy  as  a  matter  of  absolute  neces- 
sity. Economy  however,  must  be  effected  without  detriment 
to  the  service  given  the  subscriber. 

I  have  devoted  a  good  deal  of  time,  in  conjunction  with 
Mr.  Boylan,  to  collecting  and  comparing  traffic  statistics.  If 
you  will  read  the  first  ten  and  the  last  ten  pages  of  my  paper, 
which  are  devoted  largely  to  discussion  and  tabulation  of  this 
traffic  data,  it  will  save  me  from  going  into  a  lengthy  explanation 
now.  In  regard  to  some  of  my  diagrams,  particularly  Figs.  17 
and  19,  you  will  observe  that  I  have  shown  only  two  curves  for 
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comparison,  one  the  manual  curve  showing  cost  of  operating, 
and  the  other  my  automanual  curve.  I  did  not  attempt  to 
plot  a  curve  showing  similar  costs  in  a  full  automatic  system, 
because  of  a  desire  to  be  extremely  impartial,  preferring  to 
present  the  figures,  as  I  have  in  the  argument,  and  leave  the 
comparison  to  you.  My  reason  for  this  was  primarily  that  in 
the  full  automatic  system,  you  cannot  entirely  segregate  the 
operating  expense  from  the  maintenance  and  other  costs.  Now, 
how  the  various  operating  companies  employing  full  automatic 
systems,  keep  their  accounts,  I  do  not  know  in  detail.  I  have 
seen  some  of  their  reports  and  some  of  the  data  used  in  making 
up  their  statements,  and  they  are  very  interesting;  but  I  would 
not  plot  a  curve  without  compiling  and  comparing  these  to  an 
extent  that  has  not  been  within  my  power  in  the  time  allowed 
for  preparation  of  this  paper.  However,  I  believe,  and  I  think 
you  will  agree  with  me  after  reading  the  figures  I  have  given, 
that. if  the  automatic  cost  cvirve  were  plotted  in  Figs.  17  and  19, 
it  would  lie  between  the  manual  and  the  automanual  curves 
which  I  have  plotted.  I  have  stated  in  the  paper  that  the  net 
saving  per  annum  in  mere  operating  expense  as  such,  by  the  use 
of  full  automatic  equipment,  cannot  be  more  than  50  per  cent  of 
the  manual  operating  expense  in  a  system  of  any  size,  and  that  it 
is  probably  very  much  less.  This  may  or  may  not  agree  with 
the  facts  in  all  cases.  That  is  for  you  people  to  determine.  You 
have  better  statistics  at  your  disposal  than  I  have.  I  show  a 
saving  however  by  the  automanual  over  the  manual  in  one  given 
case  of  77  per  cent  (see  Fig.  17),  and  I  also  show  an  extreme  case 
which  I  may  state  is  based  on  studies  in  the  city  of  Cleveland, 
Ohio,  of  the  traffic  of  both  companies  which  are  competing  there, 
in  which  the  use  of  the  automanual  system  will  save  86  per  cent 
of  the  present  manual  operating  expense.  As  opposed  to  this, 
if  the  two  companies  were  to  trunk  direct  between  their  switch- 
board by  manual  methods,  it  would  increase  their  present 
separate  operating  expenses  by  an  average  of  40  per  cent,  which 
makes  a  total  difference  in  my  favor,  operating  under  the  same 
conditions,  of  120  per  cent  of  the  present  total  operating  ex- 
pense. The  question  for  you  automatic  men  to  determine  is, 
what  will  you  be  able  to  do  with  your  equipment  when  you 
meet  a  similar  condition. 

Traffic  conditions  in  the  telephone  business  at  present  are 
fairly  comparable  with  those  in  the  railroad  business.  This 
country  has  been  growing  with  most  tremendous  leaps  and 
bounds,  and  we  have  not  yet  reached  anywhere  near  the  limit. 
When  you  have  only  a  few  instruments  to  handle-,  it  is  easy  to 
consider  only  reliability,  and  forget  the  cost  of  service.  But 
when  you  are  dealing  with  a  city  exchange  handling  from  six 
hundred  thousand  up  to  several  million  calls  per  day,  and  those 
calls  cost  anywhere  from  $1.50  up,  per  thousand  (the  Cleveland 
combined  figure  is  $1.96)  then  it  becomes  indeed  a  serious 
question,  and  you  cannot  yield  to  the  subscriber  entirely.     With 
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the  automanual  handling  these  calls  at  25  cents  per  thousand, 
however,  the  subscriber  should  get  all  the  attention  he  needs. 
This  system  is  designed  to  give  the  subscriber  the  same  grade  of 
service  that  he  gets  in  the  best  manual  system,  that  is  the  in- 
dividual attention  of  the  operator,  and  the  benefit  of  her  training 
with  all  the  other  benefits  flowing  therefrom,-  but  at  a  minimum 
cost  to  the  company. 

One  question  asked  is  was  what  happens  if  a  line  is  called  and 
the  subscriber  does  not  answer,  the  operator  being  then  off  the 
connection.  For  this  condition  I  provide  a  special  tone  test 
signal,  which  comes  on  if  desired  after  a  certain  number  of  rings, 
or  we  can  handle  it  through  a  monitor,  or  in  any  other  manner 
possible  in  the  automatic.  I  preferably  provide  signals  for 
every  condition,  which  I  find  the  subscribers  learn  to  distinguish 
very  readily.  At  Ashtabula,  we  have  a  busy-back,  substantially 
the  same  in  its  functions  as  that  with  which  you  are  familiar 
in  your  automatic  systems.  We  also  have  a  don't  answer  signal, 
but  the  calling  subscriber  preferably  hears  the  ringing.  We 
also  have  a  special  tone  test  for  the  case  where  the  calling  sub- 
scriber hangs  up  before  the  operator  gets  to  him,  which  she  hears 
when  she  listens  in.  We  also  have  an  indicating  board,  with 
lamp  banks,  and  other  signals,  so  that  any  condition  of  trouble 
or  line  in  trouble  can  be  traced  by  the  wire  chief.  We  also  have 
the  other  expedients  for  various  purposes  with  which  you  gentle- 
men are  all  familiar  in  your  practice.  Our  circuits  are  very  full 
and  complete  as  to  details,  and  a  great  many  of  these  are  novel, 
but  time  forbids  my  going  into  them. 

With  respect  to  reverting  calls,  I  have  no  trouble  with  those. 
The  condition  which  must  be  produced  when  you  go  to  test 
your  own  line,  which  ordinarily  would  then  test  busy,  is  almost 
obvious.  You  must  produce  a  neutral  condition  at  the  instant 
of  your  own  test.  This  has  been  done  in  several  ways,  and  we 
have  done  it  in  practice  by  having  the  last  impulse  from  the 
sending  machine  which  works  the  test  relay,  also  sent  back 
at  the  same  instant  to  the  calling  end  to  reverse  the  test  potential. 
This  applies  to  a  two-wire  circuit  as  well  as  a  three- wire.  We 
test  on  the  tip  side  usually,  and  have  no  trouble  at  all.  I  am 
surprised  that  Mr.  Winston  made  the  statement  he  did  on  this 
ix>int,  but  presume  his  information  was  defective. 

I  agree  with  Mr.  Winston  that  the  percentage  •  of  reverting 
calls  is  so  small  that  it  hardly  pays  to  take  care  of  it.  I  took 
this  up  with  a  number  of  the  managers  of  the  larger  companies 
in  the  east,  to  see  what  experience  they  had;  and  while  there 
are  special  test  signals  available  for  reverting  calls,  as  you  may 
know,  in  the  old  manual  practice,  these  people  didn^t  consider 
the  number  of  such  calls  sufficient  to  make  any  regular  provision 
for  them.  The  way  we  take  care  of  them  at  Ashtabula  Harbor 
is  this:  There  is  a  master  switch  at  the  back  of  a  key  set,  so 
the  operator  getting  a  call  for  another  party  on  the  same  line, 
can  cut  on  a  special  first  selector  and  disable  the  associated 
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secondary  selector,  so  that  no  other  calls  can  come  in  on  her 
key  set  for  the  time.  She  then  handles  that  call  in  the  ordinary 
way.  The  caller  gets  his  party  and  then  the  selector  switch  is 
knocked  down,  leaving  only  the  connector  on  the  line.  All  it 
needs  is  ringing  and  a  battery  supply.  The  battery  supply, 
through  one  bridge  connection  in  the  connector,  only,  is  a  little 
less  than  normal  where  you  get  feed  both  ways,  but,  on  the  other 
hand,  you  don't  need  quite  as  much,  because  you  are  talking 
through  a  short  circuit.  In  order  to  ring  past  the  calling  party, 
you  have  to  tell  him  to  hang  up. 

You  will  observe  from  the  tables  I  give  in  my  paper,  that  this 
does  not  affect  the  operator's  efficiency.  The  percentage  of  such 
calls  is  very  small,  although  we  have  quite  a  party  line  develop- 
ment in  Ashtabula. 

Mr.  Foster  referred  to  complaints  against  the  operator.  I 
tried  at  first  to  eliminate  all  sounds  and  all  disturbance  from  the 
calling  circuit  after  the  operator  had  gotten  the  number,  that  is, 
to  prevent  the  calling  subscriber  from  hearing  any  of  the  actu- 
ating impulses  or  ringing,  or  anything  else.  We  found,  however, 
that  silence  was  a  bad  feature.  A  man  gets  the  operator,  he 
gives  her  the  number,  and  he  has  no  means  after  that,  if  there  is 
dead  silence,  of  knowing  whether  she  is  doing  anything  or  at- 
tending to  the  line,  and  if,  through  mischance,  he  does  not  get 
his  connection,  there  is  complaint.  We  have  now  arranged  our 
circuits  so  that  a  subscriber,  after  the  operator  gets  the  ntunber 
and  starts  the  impulses,  hears  those  impulses  faintly,  and  he  can 
also  hear  the  ringing.  He  also  knows  that  the  operator  is  not 
on  the  circtiit  after  she  has  made  the  connection,  and  that  the 
ringing  is  automatic,  so  that  if  there  is  any  blame,  he  attaches 
it  to  the  other  fellow  for  not  answering. 

Now,  with  regard  to  the  condition  of  strained  nerves  on  the 
part  of  the  operator,  and  that  sort  of  thing,  in  the  paper  I  have 
taken  occasion  to  show  that  in  this  keyboard  arrangement  by 
confining  the  operators  simply  to  asking  the  number,  we  relieve 
them  of  a  very  large  part  of  the  purely  manual  strain;  that  is, 
we  take  the  actual  work  to  be  performed  off  them  and  put  it  on 
the  machines.  The  work  on  our  keyboards  is  very  light.  The 
touch  is  more  delicate  than  the  touch  of  a  typewriter  or  adding 
machine.  We  have  made  it  as  light  as  is  consistent  with  reliable 
operation.  So  we  don't  have  a  condition  of  strain  on  the 
operators,  and  no  one  operator  is  any  busier  than  another. 
Their  work  is  very  light,  and  if  there  is  any  complaint  coming  or 
any  discourtesy  or  anything  of  that  sort,  the  operator  does  not 
bother  with  it  for  one  second — she  simply  pushes  two  keys, 
this  puts  the  party  on  to  the  trouble  clerk,  or  some  one  else,  and 
she  is  through  with  it.  Our  operators  are  confined  to  just  one 
thing — asking  numbers  and  setting  them  up;  and  to  that  extent 
they  are  mechanical;  but  they  have  brains,  and  if  there  is  an 
incoherent  ntmiber  given  or  any  trouble,  their  brains  get  busy. 
They  don't  get  any  complaints  and  they  don't  need  them. 
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The  question  was  asked  what  happens  if  a  cable  goes  bad  or 
some  other  condition  arises  that  might  affect  a  whole  group  of 
the  apparatus.  We  have  special  provision  for  that  the  same 
as  in  the  manual  or  the  automatic.  We  have  the  same  re- 
sources so  that  we  can  switch  off  a  whole  group  of  lines  and  put 
them  on  to  the  wire  chief  or  in  the  hospital  or  somewhere  else, 
if  desired. 

In  regard  to  favoritism  on  the  part  of  the  operators,  the 
P.  B.  X.  op)erators  being  accessible  by  means  of  candy  and  so  on, 
if  not  properly  fixed  giving  poor  service — there  is  another 
feature  in  the  automanual  system  which  I  consider  of  some 
importance;  that  is,  that  the  operator  does  not  know  who  is 
calling.  Reference  was  made  in  the  discussion  of  one  of  the 
papers  to  the  primary  and  secondary  distribution  in  Mr.  Keith's 
system ;  that  is,  the  automatic  electric.  I  have  a  primary  and 
secondary  distribution  apart  from  that  of  the  operators,  by  which 
practically  any  trunk  in  a  very  large  group  can  be  reached,  and 
it  can  be  arranged  so  that  any  subscriber  may  reach  any  opera- 
tor in  the  whole  exchange.  That  makes  it  practically  im- 
possible for  any  operator  to  know  who  is  calling,  unless  she  has  a 
very  remarkable  memory  and  the  transmitters  are  very  uniform, 
or  the  man  tells  her,  and  then  she  is  running  the  risk  of  the 
supervisors  reporting  her.  That  eliminates  the  question  of 
favoritism  entirely. 

With  regard  to  foreign  subscribers,  it  happens  that  we  have 
had  some  experience  with  them.  We  have  quite  a  foreign 
population  at  Ashtabula  Harbor,  and  I  don't  think  we  have  had 
one  complaint  from  those  people  as  to  the  operators  not  under- 
standing their  numbers.  This  may  result  from  the  fact  that 
some  of  the  operators  in  the  exchange — not  all  of  them — were 
drawn  from  the  native  population.  I  presume  they  are  ac- 
customed to  the  linguistic  idiosyncrasies  of  the  people.  In  the 
case  of  Swedes,  select  a  Swedish  operator  for  them,  the  same 
as  you  have  Chinfese  operators  in  San  Francisco.  Before  spend- 
ing forty  or  fifty  thousand  dollars  extra  for  apparatus  to  accommo- 
date these  subscribers,  better  invest  in  a  little  foreign  assistance. 

Another  question  raised  relates  to  possible  defective  ringing 
in  case  the  calling  subscriber  does  not  give  the  number  of  his 
party  on  the  line  wanted.  It  is  possible  to  group  the  lines  so 
that  all  party  lines  are  segregated;  and  then  if  a  calling  subscriber 
fails  to  give  the  letter  or  number,  the  operator  can  ask  him. 
She  repeats  the  number  back  as  she  sets  up  the  keys,  and  the 
subscriber  would  then  probably  repeat  the  ringing  letter  even 
if  she  did  not  ask.  Where  all  the  lines  in  an  exchange  are  party 
lines,  the  question  would  always  be  asked. 

As  to  the  methods  of  compiling  our  data:  I  have  a  photo- 
graph of  the  Horograph,  so-called,  made  for  automobile  timing. 
It  is  a  very  interesting  machine,  and  I  will  be  glad  to  show  it 
after  the  meeting.  It  is  guaranteed  to  be  accurate  to  one  one- 
hundredth  of  a  second.     All  our  reports  have  been  based  on 
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this  and  on  autoinatic  peg  counta.  We  have  an  arrangement  of 
the  relay«  ao  our  peg  count  is  taken  every  day  and  aU  the  time, 
and  ia  abaolutely  accurate.  All  the  calls  are  recorded,  together 
with  the  manner  and  efficiency  with  which  they  are  hancfled. 

Mr.  Babcock  stated  that  introducing  the  operator  was  intro- 
ducing a  weak  link.  1  think  that  point  has  been  answered  by 
Some  one  elae,  but  1  am  not  going  to  let  it  pass,  because  it  is,  I 
think,  an  fettor.  The  answer  is  this:  If,  as  Mr.  Babcock  stated, 
and  as  we  know  to  be  the  fact  in  manual  systems  as  well  as 
automatic,  a  considerable  percentage  of  the  troubles  reported 
is  due  to  the  subscribers  caUing,  then  where  can  the  weak  link 
come  in  from  introducing  a  sfilled  and  trained  and  habitually 
poised  operator  in  the  place  of  the  subscriber?  I  have  covered 
that  subject  pretty  fairly  in  the  paper,  and  I  don't  think  I  will 
go  any  further  into  it,  because  I  have  not  the  time. 

As  regards  the  private  branch  exchange,  practically  every 
line  is  a  private  branch  line.  If  you  subdivide  your  system 
they  all  get  the  same  service,  and  they  all  get  personal  attention, 
and  at  the  same  time  you  can  have  if  you  want  private  branch 
exchange  operators.  I  do  not  think  it  is  as  economical  or  as 
good  practice  to  divide  the  group  of  operators  if  it  can  be  avoided. 
Nevertheless,  special  conditions  will  sometimes  arise.  I  know 
in  New  York  we  figured  on  some  parts  of  the  city,  for  instance, 
in  the  brokerage  district,  where  the  men  are  too  busy  to  stop  for 
anything.  They  want  to  make  a  string  of  calls  each  day  at  a 
certain  time,  and  an  operator  who  can  give  attention  to  that  is 
absolutely  essential.  There  it  pays  to  put  in  automatic  branch 
exchanges.  One  operator  handling  these  exchanges  ought  to  do 
the  work  of  about  three  the  way  they  go  now,  even  with  the 
varied  calls  that  would  be  made  on  her. 

Finally,  as  to  measured  service:  I  can  provide  special  operators, 
and  segregate  measured  service  lines  and  other  different  classes 
of  traffic  so  as  to  bring  them  in  to  these  operators;  but  I  prefer 
not  to,  sticking  always  to  the  basic  principle  of  confining  the 
subscriber's  operator  to  asking  the  niunber  and  setting  it  up. 
We  only  need  to  loop  any  class  of  trunks  through*  a  monitor's 
desk  and  the  monitor  then  takes  care  of  the  special  condition. 
A  special  operator  who  can  take  those  things  off  a  regular  A 
operator  is  an  economy,  because  not  doing  anything  else  she 
becomes  very  expert  at  this  irregular  duty — ^almost  as  expert 
as  the  A  operator  herself.  In  other  words,  you  have  an  organiza- 
tion of  specialists  instead  of  one  person  trying  to  do  a  dozen 
things.     Of  course  pay-station  calls  are  handled  in  the  same  way. 

We  have  also  a  system  of  metering  specially  appUcable  to  this 
connective  system.  I  refer  to  the  Telechronometer.  This  is 
not  the  time  or  place  for  me  to  go  fully  into  that,  but  I  will 
state  very  briefly  that  in  line  with  my  theories  on  handling  the 
traffic  I  also  have  some  very  definite  theories  on  the  subject  of 
measuring  that  traffic.  I  do  not  believe,  and  I  never  have 
believed  that  the  counting  of  calls,  whether  they  were  charged 
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up  as  answered  or  not  answered,  is  fair,  either  to  the  subscriber 
or  the  company.  I  do  not  believe,  and  I  do  not  suppose  any 
of  you  who  are  in  the  operating  end  will  disagree  with  me,  that 
a  flat  rate  service  is  any  more  fair  to  the  company  than  it  was  in 
the  days  when  the  lighting  companies  used  to  give  so  many  lights 
for  so  much  a  month.  If  a  man  chose  to  bum  them  24  hotu^  a 
day,  of  course  the  company  was  out.  In  some  cases  a  flat  rate 
promotes  increased  use  of  the  telephone  and  an  increase  in  the 
number  of  subscribers,  but  this  is  a  temporary  resort  only. 
The  Chesapeake  &  Potomac  Company  in  Washington,  for  a 
time  followed  a  policy  of  inviting  people  to  use  the  residence 
phones  frequently,  and  even  to  ask  the  neighbors  in  to  use  them. 
Of  course  the  purpose  was  obvious,  and  I  think  it  has  been  satis- 
factorily fidfilled.  But  I  prefer  to  measure  the  service;  and  I 
think  we  do  it  satisfactorily.  It  is  measured  in  ilnits  called 
telecrons.  A  telecron  is  a  unit  of  time-distance,  and  I  firmly 
believe  that  is  the  logical  way  to  measure  telephone  service — 
plus  a  base  charge  which  shotdd  cover  the  cost  of  that  much  of 
the  operator's  time  and  depreciation  on  the  apparatus,  and  so 
on,  which  is  chargeable  to  the  mere  answering  of  the  call  if  the 
called  subscriber  does  not  reply.  With  an  apparatus  of  this 
kind,  the  effect  is  that  at  the  end  of  the  month  the  meter  shows 
the  total  service  which  has  been  given  dtuing  the  month  in 
telecron  units.  If  a  man  has  talked  three  minutes  over  a  circuit 
one  mile  long,  he  has  three  units  charged  against  him — I  am 
speaking  roughly.  If  he  has  talked  ten  minutes  over  a  circuit 
five  miles  long,  he  has  fifty  units  against  him,  and  the  toll  service 
and  everything  else  can  be  metered  so  as  to  show  the  total 
service.  We  have  an  instrument  which  will  give  the  number  of 
calls  also  if  you  want  to  know  that.  The  distance-rate  is  ad- 
justed by  the  operator,  who  may  be  the  subscriber's  operator  or  a 
special  operator,  at  the  time  the  connection  is  made,  so  as  to 
correspond  with  the  character  and  length  of  the  circuits  em- 
ployed. The  time  element  is  controlled  by  an  apparatus  which  is 
running  all  the  time  at  the  central  office. 

Mr,  Clausen  appears  to  be  the  only  one  who  questions  the 
figures  given  in  my  paper.  These  figures  were  prepared,  and 
all  of  my  generalizations  were  drawn,  with  the  utmost  care. 
The  following  explanations,  numbered  to  correspond  with  marked 
paragraphs  in  the  Clausen  communication,  will  substantiate 
this  statement. 

1.  Mr.  Clausen  lost  sight  of  the  fact  that  the  280  to  290  hourly 
connections  were  specified  by  me  as  busy  hour  non-trunked  calls. 
He  makes  the  statement  that  the  average  exchange  throughout 
the  country  shows  a  record  of  250  calls  for  the  ten  busy  hours  of 
the  day.  A  general  statement  of  this  kind  without  reference 
to  the  variation  in  percentage  of  outgoing  trunked  calls  is  unsafe 
to  say  the  least.  It  may  be  well  to  mention  that  while  an  oper- 
ator can  handle  290  non-trunked  calls,  she  can  only  handle  200 
calls  where  the.  percentage  of  trunking  is  ninety. 
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Mr.  Clausen  remarks  also  that  operators  frequently  handle 
400  and  in  some  cases  as  high  as  425  calls  per  hour  at  the  peak  of 
the  load.  As  Mr.  Clausen  does  not  specify  we  must  assume 
that  they  are  non-trunked  calls.  Neither  Mr.  Boylan  nor  I 
have  ever  seen  or  heard  of  an  ''  A  *'  manual  operator  handling 
anywhere  near  this  load.  It  requires  no  traffic  experience  for 
one  to  pass  on  this  statement  as  being  beyond  bounds.  Even 
were  we  to  assume  that  the  subscribers  were  not  required  to  give 
a  prefix  or  affix  with  numbers  on  all  calls,  the  number  of  hourly 
calls  mentioned  would  still  be  excessive. 

The  average  calls  per  operator  busy  hour  in  the  exchange  re- 
ferred to  by  Mr.  Clausen  is  262  and  not  288  as  stated.  The 
ntmiber  of  calls  during  the  busy  hour  is  one  eleventh  of  the  total 
daily  calls.  Mr.  Clausen  evidently  estimated  a  lower  figure  than 
this. 

2.  This  statement  is  incorrect  in  four  particulars.  First,  the 
busy-hour  load  is  not  18,200  calls  but  16.500  calls;  second,  the 
16,500  calls  do  not  represent  completed  connections  but  from 
this  figure  must  be  deducted  the  **  busy  ^\  calls,  calls  for  the  time, 
etc.,  which,  conservatively,  amount  to  12  per  cent  of  the  busy- 
hour  calls;  third,  the  average  conversational  connection  is  not 
three  minute  in  this  case,  and  inquiry  fails  to  show  such  an  aver- 
age in  any  exchange  in  the  country  having  7,000  lines  or  over). 
The  average  subscribers  conversation  in  the  exchange  in  question 
is  98  seconds;  fourth  and  finally,  the  average  length  of  conversa- 
tion during  the  busy-hour  is  25  per  cent  less  than  the  average 
for  24  hours  due  to  a  greater  part  of  the  conversation  being  of  a 
business  nature. 

The  claim  we  make  is  that  not  more  than  33|  per  cent  of  the 
cords  on  a  switchboard  are  in  simultaneous  use  during  the  peak 
of  the  load.  The  exchange  referred  to  has  63  positions  with  15 
pairs  of  cords  per  position,  making  a  total  of  945  pair  of  cords, 
33J  per  cent  of  which  would  be  315  pair  of  cords. 

There  are  16,500  calls  handled  during  the  busy  hour.  It  has 
been  stated  that  12  per  cent  of  these  calls  represented  busy  calls, 
etc.,  but  to  be  conservative  we  will  cut  this  figure  to  7  per  cent 
leaving  a  total  of  15,345  possible  completed  connections. 

The  average  cord  time  is  98  seconds,  less  25  per  cent  during 
busy  hour  or  73.5  seconds,  which  figure  represents  49  connections 
per  cord  pair  per  busy  hour,  multiplied  by  315  pairs  of  cords 
(33^  per  cent  of  total)  equals  15,435  calls,  or  90  more  connections 
than  are  acitially  handled  during  the  busy  hour. 

3.  Mr.  Clausen  raises  the  point  that  only  98  calls  per  **  B  " 
operator-hour  were  handled  in  the  west  office  of  The  Kansas 
City  Home  Telephone  Company,  instead  of  from  350  to  400 
per  hour  which  he  states  is  the  usual  practice.  Mr.  Clausen  is 
confusing  the  calls  per  "  B  "  operator  hours  with  the  call  per 
"  B  ''  busy  hour. 

There  are  several  factors,  however,  which  preclude  the  handling 
of  350  to  400  calls  per  **  B  ''  busy  hour  in  an  office  such  as  that 
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in  question,  the  leading  factor  being  the  absence  of  apparatus 
at  the  "  B  "  position  which  should  enable  the  operator  to  handle 
such  a  number  of  calls.  It  is  true  the  "  B  "  operator  could  handle 
350  calls  if  given  the  '*  manual  selective  ringing  service;*'  400  per 
busy  hour  with  "  machine  ringing/'  and  500  per  hour  by  utilizing 
"  keyless  trunks." 

Another  factor  which  determines  the  number  of  calls  the  "  B  " 
operator  can  handle  is  the  number  of  offices  connected  with  her 
order  wire  circuit.  With  the  particular  type  of  apparatus  in  use 
at  the  exchange  in  question  the  operator  could  handle  350  calls 
provided  only  one  office  were  connected  to  her  call  circuit.  This 
figure  wotdd  be  reduced  to  300  calls  when  a  second  office  was 
added,  260  when  a  third  office  was  added,  etc.  Thus  the  point 
that  only  98  calls  per  operator  hour  is  answered  shows  a  condition 
not  unusual  and  which  will  be  found  in  any  branch  exchange  con- 
nected by  order  wire  to  several  other  exchanges. 

4.  In  compiling  the  comparative  work  units  we  allowed  for 
overlapping  operations  on  the  part  of  the  manual  operator  and 
the  illustration  given  by  Mr.  Clausen  in  which  he  assumes  that 
20  calls  would  land  on  5  automanual  positions  at  the  same 
instant  can  be  applied  to  the  manual  service.  We  admit  that 
under  a  condition  of  this  kind  which  however,  is  very  far  from 
common,  the  last  subscriber  of  the  20  would  naturally  have  to 
wait  a  little  longer  than  the  others.  This  however  is  true  of 
any  system. 


Digitized  by  VjOOQIC 


Digitized  by  VjOOQIC 


fP€r    prtstnUd  at    tk4  Pacijke  Coast  mut- 
ing of  tk4  Amgrican  insiUmtt  of  BUctrUal  En- 

jiueers,  Los  AugeUs,  A^rU  26,  1911. 

Copyright  1911.    By  AJ.B.E. 


SOME    RECENT    DEVELOPMENTS    IN    RAILWAY 
TELEPHONY 

BY  GREGORY  BROWN 

The  standard  means  of  commtmication  on  railroads  for  des- 
patching and  blocking  trains  and  transmitting  messages  for  the 
past  60  years  has  been  the  telegraph.  Although  the  telephone 
obviously  possessed  some  advantages  over  the  telegraph  for 
railroad  work,  the  fact  that  the  railroads  had  been  using  the 
telegraph  for  such  a  long  period  and  with  such  reliable  results, 
made  them  loath  to  adopt  a  new  and  to  them  untried  arrange- 
ment. About  four  years  ago,  however,  a  combination  of  cir- 
cumstances arose  which  strongly  focused  the  minds  of  railway 
oflScials  upon  the  feasibility  of  the  telephone  to  replace  the 
telegraph  for  railroad  work.  The  most  important  circumstance 
causing  this  result  was  the  enactment  of  a  federal  law  limiting 
the  working  hours  of  an  operator  transmitting  or  receiving  orders 
affecting  train  movements,  to  nine  hours.  In  addition  to  this, 
there  had  been  a  growing  difficulty  among  the  railroad  companies 
in  securing  a  sufficient  number  of  competent  operators  to  take 
care  of  the  natural  increase  in  business.  It  was  also  felt  that 
the  efficiency  of  the  railroad  telegraph  operators  had  been 
steadily  decreasing  for  some  time,  this  state  of  affairs  probably 
being  brought  about  by  the  attitude  of  the  Telegraphers*  Or- 
ganization toward  student  operators. 

It  was  estimated  that  it  would  be  necessary  to  employ  about 
15,000  more  operators  on  the  railroads  throughout  the  country 
when  the  federal  nine-hour  law  went  into  effect  and  this  large 
increased  expense,  together  with  the  difficulty  of  obtaining  good 
operators,  caused  the  railway  officials  carefully  to  investigate 
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the  possibilities  of  the  telephone  in  place  of  the  telegraph,  for 
handling  train  movements  and  message  work. 

Up  to  this  time  the  use  of  the  telephone  by  the  railroad  com- 
panies had  been  somewhat  limited.  It  had,  however  been  in 
use  for  a  number  of  years  for  the  transaction  at  terminals  and 
division  points  of  miscellaneous  business  between  departments 
and  throughout  the  yards,  and  also  in  some  cases  for  the  handling 
of  trains  in  the  immediate  vicinity  of  the  terminal.  In  addition 
to  the  above,  many  of  the  roads  have  been  using  the  composite 
telephone  in  some  of  their  divisions,  to  assist  in  the  handling 
of  trains  and  for  general  railroad  business.  There  have  also 
been  two  or  three  instances  where  the  telephone  has  been  in  use 
for  a  number  of  years  for  despatching  of  trains.  As  early  as 
1883  this  means  of  handling  traffic  was  used  on  the  New  Orleans 
and  Northeastern  Railroad,  ordinary  magneto  telephones  being 
used,  together  with  code  ringing.  The  telephone  circuit  was 
about  100  miles  in  length  and  consisted  of  one  iron  wire,  and 
orders  were  issued  for  the  handling  of  four  regular  trains  a  day, 
together  with  numerous  work  trains. 

The  Lake  Erie,  Alliance  &  Wheeling  Railroad  has  been  oper- 
ating a  line  of  single  track  road  for  a  distance  of  about  100  miles 
by  telephone  exclusively  for  a  number  of  years,  with  equipment 
not  to  be  compared  with  that  now  available  for  this  service. 

The  first  telephone  train  wire  using  improved  equipment  was 
installed  in  October,  1907  by  the  New  York  Central  between 
Albany  and  Fonda,  New  York,  a  distance  of  40  miles.  Shortly 
after  this  the  Burlington  installed  a  circuit  on  a  double  track 
section  and  later  several  circuits  on  single  track  divisions.  The 
success  attained  with  these  installations  conclusively  proved 
that  the  telephone  could  be  used  to  advantage  for  railroad  work, 
and  since  that  time  the  railroads  have  been  rapidly  equipping 
their  divisions  with  the  telephone. 

The  object  of  this  paper  is  to  outline  the  requirements  to  be 
met  in  railroad  telephone  service  and  to  describe  briefly  the  cir- 
cuits and  apparatus  developed  to  meet  these  requirements. 

During  the  long  use  of  the  telegraph  by  the  railroads  they  have 
built  up  an  efficient  organization  for  handling  trains  by  this 
method,  and  have  thoroughly  standardized  in  the  method  of 
doing  this  business.  In  order  to  determine  the  requirements  to 
be  met  by  the  telephone,  if  it  is  to  take  the  place  of  the  telegraph 
throughout  a  railroad  division,  it  will  he  necessary  to  examine 
the  methods  used  and  the  results  obtained  by  the  use  of  the 
telegraph. 
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There  are  three  main  classes  of  service  on  every  division  which 
are  performed  by  the  telegraph. 

1.  Train  despatching. 

2.  Message  service. 

3.  Block  wire  service. 

The  train  despatching  circuit,  or  train  wire,  as  it  is  generally 
termed,  extends  along  one  division  and  is  used  exclusively  by  the 
despatcher  located  at  the  division  point  for  issuing  orders  re- 
garding train  movements  to,  and  receiving  train  reports  from, 
operators  along  the  line.  The  average  length  of  division  is 
about  130  miles  (209  km.),  which  is  divided  into  a  number  of 
sections  or  blocks,  averaging  about  20  to  25,  there  being  located 
at  the  beginning  of  each  block  an  operator  controlling  that  block. 
The  length  of  division  and  number  of  operators,  however,  vary 
greatly,  some  divisions  being  over  250  miles  (402  km.)  long  and 
having  between  50  and  60  operators  on  the  line. 

The  despatcher  has  supreme  control  of  each  division,  in  so  far 
as  train  movements  are  concerned,  and  he  handles  the  business 
somewhat  as  follows:  Each  division  has  its  printed  schedule 
of  trains,  which  contains  the  time  of  passing  all  stations  and 
towers,  also  time  and  place  of  meeting  for  all  regular  trains, 
both  passenger  and  freight.  In  addition  to  the  regularly  sche- 
duled trains,  there  are  more  or  less  extra  trains  to  take  care  of  the 
varying  volume  of  business,  and  also  there  are  delays  which  in- 
variably occur,  particularly  in  freight  service,  due  to  condition 
of  motive  power,  time  of  loading  cars,  weather,  etc. 

The  above  conditions  constantly  disarrange  the  schedule  and 
as  it  is  the  despatcher's  duty  to  keep  traffic  .moving  with  the 
minimum  delay,  giving  preference  to  the  proper  classes  of  trains, 
such  as  mail,  passenger  and  perishable  freight,  it  will  be  readily 
tmderstood  that  he  is  at  all  times  confronted  with  a  complicated 
problem,  the  proper  handling  of  which  requires  great  judgment 
and  foresight. 

Each  of  the  operators  at  the  block  stations  has  complete 
control,  under  the  direction  of  the  despatcher,  of  his  block 
section.  It  is  his  duty  to  report  to  the  despatcher  the  time  of 
arrival  and  departure  of  trains,  and  also  to  transmit  a  large 
amount  of  miscellaneous  information  concerning  the  cause  of 
train  delays,  nature  and  extent  of  accidents,  hot  boxes,  broken 
gears,  length  of  time  required  to  repair,  track  condition  and 
various  other  items  which  are  factors  that  the  despatcher  must 
take  into  consideration  in  planning  his  train  movements. 
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The  bulk  of  the  despatcher's  outgoing  business  consists  in 
giving  train  orders  to  one  or  more  of  the  operators  who,  in 
turn,  transmit  the  orders  to  the  proper  train  crews.  A  large 
proportion  of  the  orders  are  transmitted  simultaneously  to 
several  operators.  The  despatcher  calls  the  operators  inter- 
ested and  when  they  are  all  prepared,  he  transmits  the  message, 
and  they  each  in  turn  repeat  it  back,  in  order  that  the  despatcher 
may  know  that  his  order  is  properly  understood.  In  addition 
to  the  transmission  of  an  order  to  a  group  of  operators,  it  will 
be  remembered  that  the  sounders  in  all  the  other  oflSces  are  re- 
peating the  same  order.  This  permits  every  operator  on  the 
line,  if  he  so  desires,  to  hear  the  orders  being  given  and  to  keep 
in  touch  with  traffic  conditions. 

It  will  easily  be  seen  that  it  is  of  the  utmost  importance  that 
no  interruption  occur  in  train  wire  service,  as  the  despatcher's 
inability  to  commimicate  with  the  operators  would  practically 
result  in  tying  up  the  traffic  of  the  division.  In  order  to  provide 
for  interruptions  in  service  which  might  occur,  due  to  line 
troubles,  it  is  customary  to  loop  all  the  telegraph  wires  on  the 
line  through  telegraph  peg  switchboards  located  in  most  of  the 
towers.  By  this  arrangement  it  is  possible,  should  any  portion  of 
the  train  wire  get  in  trouble,  for  the  operators  in  the  affected 
district  to  cut  out  the  defective  section  of  wire  and  connect  in 
its  place  a  portion  of  any  other  telegraph  line  on  the  division. 
This,  of  course,  would  interrupt  the  service  on  the  line  which 
was  used  for  patching,  but  the  importance  of  maintaining  the 
train  wire  is  so  great  that  any  other  available  wire  is  used  for 
patching  until  the  defective  portion  of  the  train  wire  can  be 
repaired. 

The  above  describes  in  a  general  way  the  manner  in  which  the 
telegraph  is  used  in  train  despatching.  We  can  now  specify  the 
requirements  which  are  being  met  by  the  telegraph  for  this 
service  and  which  the  telephone  must  meet  in  order  to  success- 
fully compete.     These  requirements  are: 

1.  Ability  to  signal  any  one  of  50  or  more  stations  on  a  250- 
mile  (402-km.)  line  and  ability  to  signal  despatcher  from  any 
of  the  stations. 

2.  Arrangements  whereby  any  number  of  stations  can  simul- 
taneously listen  in. 

3.  Means  for  quickly  testing  and  patching  any  portion  of  the 
circuit  which  gets  into  trouble. 

In  addition  to  the  above  requirements,  the  telephone  owing  to 
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its  greater  flexibility  can  be  arranged  to  permit  of  other  oper- 
ating advantages  not  possible  with  the  use  of  the  telegraph. 
Among  these  are  the  following: 

a.  Provision  whereby  officials  who  are  not  telegraph  operators, 
but  who  are  directly  interested  in  the  movement  of  traffic, 
as  for  instance,  train  masters,  yard  masters,  division  superin- 
tendents, etc.,  can  listen  on  the  wire  and  keep  in  touch  with 
traffic  conditions. 

h.  Arrangements  permitting  the  signaling  of  stations  without 
interrupting  conversation.  This  feature  results  in  saving  a 
considerable  amount  of  time. 

c.  Automatic  notification  to  the  dispatcher  that  the  station 
he  is  calling  is  receiving  the  signal. 

Signaling 

The  first  requirement  is  the  ability  to  signal  any  one  of  50  or 
more  stations  on  a  250  mile  (402-km.)  line. 

The  problem  involved  here  is  selective  signaling  on  a  long  and 
very  heavily  loaded  line,  and  is  an  extreme  condition  which  has 
not  been  met  with  in  conimercial  practice.  When  consideration 
is  also  given  to  the  degree  of  reliability  required  for  this  service, 
it  will  be  seen  that  the  development  of  special  apparatus  was 
necessary.  The  instrument  used  for  this  purpose  is  called  a 
selector  and  is  installed  at  the  substation  and  so  designed  that 
the  despatcher  at  will  can  cause  any  selector  to  operate  and  close 
a  contact,  thereby  signaling  that  station  by  ringing  a  bell  or 
causing  a  signal  to  be  displayed.  There  are  three  general  types 
of  selectors  which  have  been  developed  for  this  purpose,  oper- 
ating on  three  different  principles: 

1.  Instruments  responding  only  to  a  certain  number  and 
sequence  of  long  and  short  current  impulses  or  long  and  short 
intervals  between  impulses.  In  this  case  the  only  instrument  on 
the  line  that  would  fimction  properly  and  close  its  contact 
would  be  the  one  which  was  adjusted  to  respond  to  the  particular 
code  arrangement  of  impulses  which  were  being  impressed  on  the 
line. 

2.  Instruments  arranged  to  be  started  simultaneously  by  the 
despatcher  and  to  operate  independently  but  in  synchronism 
with  each  other  by  means  of  local  energy  at  the  station.  The 
despatcher's  sending  device  being  so  arranged  that  at  a  pre- 
determined instent  one  impulse  is  sent  out  on  the  line  which 
at  this  instant  is  provided  with  a  path  through  one  selector 
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contact  only,  the  other  selectors  either  having  passed  their  con- 
tacts or  not  having  reached  them. 

3.  Instruments  of  the  so-called  step-by-step  type  which  are 
stepped  around  in  synchronism  by  a  succession  of  impulses 
from  the  despatcher's  office,  the  number  of  impulses  sent  de- 
termining the  station  called. 

What  is  known  as  the  Gill  selector  is  an  instrument  of  the 
first  or  code  impulse  type.  This  device  has  been  used  for  a 
number  of  years  to  selectively  signal  telegraph  offices,  and  for 
this  service  it  is  connected  in  series  with  the  back  contact  of  the 
telegraph  relay  and  battery.     When  the  proper  code  is  sent 


Fig.  1. — Gill  selector 

over  the  line,  the  selector  will  function  and  ring  the  bell,  but  by 
using  ordinary  Morse  characters  it  is  practically  impossible  to 
reproduce  the  code  and  falsely  call.  As  this  selector  had  been 
pretty  well  tried  out  for  telegraph  service,  it  was  but  natiu^ 
that  it  should  be  one  of  the  first  used  with  the  telephone.  Fig.  1 
shows  a  view  of  this  instrument  with  the  glass  cover  removed. 
It  consists  essentially  of  a  ratchet  wheel,  an  electromagnet  whose 
armature  is  arranged  to  step  the  wheel  forward,  a  retaining  pawl 
to  retain  the  teeth  stepped  and  a  mechanical  time  element  whose 
function  it  is  to  permit  the  retaining  pawl  to  assume  either  one 
of  two  positions,  according  to  the  length  of  the  impulse  of  current. 
The  time  element  is  seen  at  the  right  of  the  instrument  and 
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consists  of  a  metal  wheel  fastened  to  a  small  diameter  shaft  so 
arranged  that  it  can  roll  down  an  inclined  rod. 

The  fact  that  it  is  the  small  diameter  shaft  of  the  comparatively 
large  wheel,  that  rolls  down  the  incline  causes  the  descent  to  take 
an  appreciable  time.  When  the  stepping  arm  is  in  its  upper  posi- 
tion it  prevents  the  wheel  from  descending,  but  when  it  moves 
to  the  lower  position  due  to  current,  the  wheel  starts  to  roll 
and  will  reach  its  lower  limiting  position  provided  the  current 
impulse  is  of  long  enough  duration.  If,  however,  the  impulse  is 
short,  the  stepping  arm  will  return  to  its  upper  position  due  to  the 
retractile  spring,  and  prevent  the  wheel  from  descending  its  full 
distance.  It  will  thus  be  seen  that  a  long  impulse  permits  the 
time  element  to  function  while  a  short  impulse  does  not. 
Fig.  2  shows  a  diagrammatic  view  of  the  ratchet  wheel  and 

retaining  pawl.  The  time  ele- 
ment wheel,  through  a  system 
of  levers,  is  so  arranged  that 
it  permits  the  retaining  pawl 
to  fall  in  the  ratchet  teeth  to 
one  half  their  depth  if  it  is  in 
its  upper  position  and  to  the 
full  depth  if  it  is  in  its  lower 
position. 

The  teeth  of  the  ratchet 
wheels  on  the  selectors  are 
all  cut  differently,  some   are 

D^o     /-»-fi     1*        *!..    1.1       perfect  ratchet   teeth,    some 
Fig.  2. — Gill  selector  ratchet  wheel       ^  ,.  ,      , 

have  a  diagonal  slot  sawed 
in  their  lower  half,  while  others  have  the  top  half  of  the  tooth 
diagonally  cut  away.  Fastened  to  the  pawl  is  a  semi-circular 
piece  which  falls  behind  the  teeth  and  holds  the  wheel  from 
rettUTiing  to  normal  when  the  stepping  pawl  is  in  its  up 
position,  preparatory  to  making  another  step.  If,  however,  the 
lower  or  upper  half  of  a  tooth,  against  which  the  piece  rests,  is 
diagonally  cut  away,  it  will  push  the  pawl  to  one  side  and  the 
wheel  will  return  to  normal  position  under  the  influence  of  its 
retractile  spring. 

In  order  that  the  retaining  pawl  hold  each  tooth  stepped 
of  a  given  selector,  its  position  with  relation  to  the  face  of  the 
teeth  must  be  such  that  at  no  time  does  it  rest  against  a  portion 
of  a  tooth  face  that  has  been  diagonally  cut  away.  This  con- 
dition is  brought  about  only  in  the  case  of  a  selector  which  is 
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being  operated  by  its  proper  sequence  of  long  and  short  imptilses, 
and  this  is  the  only  selector  that  will  close  its  contact  and  signal 
its  station. 

Fig.  •  3  shows  a  despatcher's  sending  key  cabinet  with  the 
cover  removed.  There  is  a  key  for  each  selector  and  each  key 
consists  of  a  train  of  gears,  whose  speed  of  rotation  is  controlled 
by  an  escapement,  and  when  operated  a  specially  cut  code  wheel 
makes  one  revolution  sentiing  out  on  the  line  a  certain  code  of 
impulses. 

Fig.  4  shows  a  schematic  diagram  of  the  first  type  of  way- 
station  circuit  that  was  used  with  this  selector.     The  closure  of 
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Fig.  3. — Sending  keys 

the  contact  of  tb3  line  relay  puts  local  battery  current  through 
the  selector  and  steps  it  around.  When  the  selector  contact  is 
made,  local  current  flows  through  the  right-hand  spool  of  the 
polarized  relay  closing  its  contacts  and  ringing  the  vibrating  bell. 
The  lower  relay  contact  closes  the  battery  through  the  bell 
while  the  upper  contact  places  a  shunt  on  one  side  of  the  line 
around  the  line  relay  and  through  a  one- tenth  microfarad  con- 
denser and  vibrating  bell  contact.  This  shunt  through  the  vi- 
brating contact  introduces  a  tone  on  the  line  and  is  heard  in  the 
despatcher's  receiver,  thus  notifying  him  that  the  station  bell  is 
being  nmg. 
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In  the  first  installations  of  this  type  of  apparatus  the  line 
circuit  arrangement  was  as  shown  in  Fig.  5.  It  was  thought 
advisable  to  use  a  line  relay  at  every  station  and  operate  the 
selectors  and  bells  by  local  battery.  In  order  that  the  sending 
impulses  might  not  introduce  enough  niose  in  the  receiver  bridges 
to  interfere  with  conversation  while  the  despatcher  was  signaling 
and  also  to  permit  each  line  relay  to  receive  the  same  amount  of 
current,  a  grounded  simplexing  arrangement  was  used  for  sig- 
naling, the  relays  being  placed  in  series  with  the  line.  Relays 
at  alternate  stations  were  connected  in  opposite  sides  of  the  line, 
so  as  to  maintain  balance  as  nearly  as  possible.  With  ordinary 
relays  placed  in  series,  the  transmission  loss  would,  of  course,  be 
very  considerable.  The  relays  used  therefore  on  the  first  in- 
stallations were  of  a  sensitive  type  having  an  inductive  winding 
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Fig.  4. — Sub-station  circuit 

of  20  ohms  and  a  non-inductive  shunt  of  30  ohms.  This  was,  in 
fact,  a  type  of  telephone  supervisory  relay,  and  from  a  trans- 
mission standpoint  was  the  most  efficient  relay  available.  Al- 
though the  transmission  loss  in  the  relay  was  reduced  to  a 
minimum,  it  was  still  appreciable  especially  on  a  long  line  with 
many  stations  and  several  receivers  off  the  hook.  In  addition 
to  this,  the  shtmt  winding  of  the  relay  made  a  very  inefficient 
arrangement  for  operation,  as,  of  course,  the  signaling  current 
going  through  the  non-indtfctive  shunt  represented  a  clear- 
waste.  Another  objection  to  this  circuit  that  was  found  in 
practice  was  noise  introduced  from  the  grounds  and  unbalance, 
as  it  is  almost  impossible  to  balance  the  line  with  series  relays. 
Also  the  effect  of  lightning  on  the  series  arrangement  was  found 
to  be  rather  disastrous.     The  troubles  experienced  with  this 
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circuit  finally  led  to  the  development  of  a  new  circuit,  as  shown 
in  Fig.  6.  In  this  arrangement  there  are  no  grounds  on  the  line 
and  no  line  relays  used.  The  selectors  are  wound  to  4,500  ohms 
resistance  and  placed  directly  across  the  line.  In  series  with  the 
selectors  is  placed  the  proper  amount  of  tapering  resistance,  so 
that  the  amount  of  signaling  current  through  each  bridge  will  be 
the  same. 
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Fig.  5. — Line  circuit 

The  answer  back  is  obtained  by  including,  in  series  with 
the  selector  contact  bell  and  battery,  a  secondary  winding  on  the 
spools  of  the  selector.  As  the  bell  vibrates  it  induces  current 
in  the  selector  windings  which  produces  a  tone  in  the  despatcher's 
receiver.  With  this  circuit  arrangement  the  normal  cturent 
for  the  operation  of  the  selectors  is  ten  milliamperes.  The 
current,  however,  can  fall  considerably  below  this  without  af- 
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Fig.  6. — New  line  circuit 


fecting  the  operation  of  the  selectors.  The  retardation  coils 
and  condensers  at  the  despatcher's  end  of  the  Une  are  used  to 
cut  down  the  peak  of  the  current  wave  to  such  a  point  that  the 
noise  in  the  receivers  while  the  signal  is  being  sent  is  not  enough 
to  interfere  with  conversation.  In  this  circuit  it  is  necessary  to 
introduce  a  condenser  in  series  with  the  receivers  across  the  line 
in  order  that  the  signaling  current  may  not  be  shunted  through 
the  talking  bridges. 
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The  second  type  of  selector  which  has  been  extensively  used, 
that  is,  selectors  maintained  in  synchronism  by  local  energy  at 
the  substation,  is  what  is  known  as  the  Wray-Cummings  se- 
lector. Fig.  7  shows  the  despatcher's  master  sending  outfit  and 
Fig.  8  shows  the  substation  selector.  The  master  selector 
consists  of  a  standard  clock-work  mechanism,  to  the  second  hand 
of  which  is  attached  a  contact  arm.  In  the  path  of  this  contact 
there  are  thirty  insulated  segments  which  are  arranged  so  that 
any  one  of  them  can  close  battery  current  through  a  relay  when 
the  contact  arm  engages  with  this  particular  segment.  The 
despatcher  despresses  any  of  the  locking  push  buttons  shown  at 
the  right  of  the  figure  and  then  operates  the  key  mechanism 
shown  on  the  door.  This  mechanism  is  merely  a  retardation 
device  arranged  so  that  when  operated  a  contact  is  made  for  a 
length  of  time  sufficient  to  operate  the  relays  which  start  the 


Fig.  7. — Wray-Cummings  despatchers  keys 

master  and  all  the  station  clocks.  The  substation  selector  is 
similar  to  the  despatcher's  clock  mechanism  except  that  each 
station  is  equipped  with  but  one  contact  arranged  to  engage 
with  the  revolving  arm.  These  contacts  at  the  various  stations 
are  adjusted  at  different  angular  displacements  from  the  normal 
position  of  the  contact  arm.  When  the  despatcher  has  started 
all  the  clocks  simultaneously,  it  is  evident  that  the  contact  arm 
on  the  master  selector  will  have  reached,  say  its  tenth  point  at 
the  same  instant  that  the  tenth  selector  has  reached  its  point. 
At  this  instant  there  are  no  other  selectors  which  are  on  their 
contact  point  and  due  to  the  fact  that  the  tenth  point  on  the 
despatcher's  clock  is  connected  by  means  of  a  locked  push  button 
to  cause  current  to  flow  on  the  line,  the  signaling  mechanism 
at  the  desired  station  will  be  operated.  Fig.  9  shows  the  circuit 
arrangement  at  the  despatcher's  office  and  at  the  way-station. 
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When  properly  adjusted  this  selector  has  given  satisfactory 
service.  It,  however,  requires  one  minute  to  call  the  thirtieth 
station. 

The  third  class,  or  step-by-step  selector,  is  represented  in  Fig. 
10  which  shows  the  Western  Electric  selector.  This  device  is 
probably  the  simplest  and  quickest  so  far  used  for  this  purpose 
and  consists  of  two  electromagnets  connected  in  series  and 
mounted  in  a  brass  frame.  Each  magnet  is  equipped  with  two 
spools,  the  cores  of  one  of  the  magnets  being  covered  with  copper 
sleeves  to  produce  slow  action.  Fig.  11  shows  the  schematic 
diagram  of  the  lever  movements.     Upon  the  fast-acting  lever  is 


Fig.  8. — Wray-Cummings  selector 

mounted  a  stepping  pawl  A  designed  to  engage  with  a  ratchet 
wheel  to  which  is  fastened  a  platinum  pointed  arm.  Mounted 
on  the  framework  is  a  retaining  pawl  B  designed  to  retain  the 
teeth  as  they  are  stepped.  Attached  to  the  slow-acting  arma- 
ture are  two  fingers  designed  to  engage  with  the  two  pawls  in 
such  a  way  that  when  in  the  normal  position  of  the  slow  acting 
armature,  the  two  pawls  will  be  held  out  of  engagement  with  the 
wheel,  while  in  the  operated  position  the  fingers  will  permit  the 
pawls  to  engage  with  the  wheel.  This  selector  is  operated  by 
first  placing  on  the  line  an  impulse  of  current  which  operates  both 
magnets.     There  is  then  placed  on  the  line  a  succession  of  short 
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impulses,  which  cause  the  stepping  magnet  to  oscillate  back  and 
forth  and  step  the  wheel  around  the  desired  number  of  steps. 
The  speed  with  which  these  impulses  are  placed  upon  the  line 
however,  does  not  permit  of  the  slow-acting  magnet  releasing. 
When  the  desired  number  of  steps  are  taken,  the  contact  is  made 
and  current  is  held  on  the  line,  thus  ringing  the  bell. 

As  soon  as  current  is  removed  from  the  line  the  slow-acting 
magnet  releases,  which  raises  the  pawls  and  permits  the  wheel 
to  fall  back  to  normal  position  imder  the  influence  of  its  retractile 
spring.  When  a  station  is  called,  say  for  instance  No.  10, 
all  the  selectors  take  ten  steps  and  the  selectors  at  the  first  nine 
stations  will  momentarily  make  their  contacts  as  they  step 
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Fig.  9. — Wray-Cummings  circuit 

around;  thus  momentarily  the  local  station  battery  circuit  is 
closed  at  these  stations.  This,  however,  will  not  cause  the  bell 
to  ring  for  the  following  reason:  The  selector  operates  at  the 
rate  of  from  8  to  10  steps  per  second,  and  the  arrangement  of  the 
contact  spring  C,  Fig.  11,  is  such  that  it  follows  the  movement 
of  the  stepping  lever  and  during  a  stepping  cycle  makes  contact 
with  the  contact  arm  in  but  a  small  percentage  of  the  one-tenth 
of  a  second  necessary  to  take  a  step.  This  action  is  of  such 
momentary  duration  that  there  is  no  danger  of  a  false  signal  being 
given.  It  will  be  noted  that  the  contact  arm  of  the  wheel  in  its 
normal  position  rests  against  an  insulated  contact  or  stop  piece. 
On  the  other  side  of  this  stop  piece  is  fastened  a  platinum  con- 
tact which  will  engage  with  the  contact  arm  when  the  wheel  has 
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gone  around  to  its  limiting  position.  This  stop  piece  is  angu- 
larly adjustable  and  permits  easy  adjustment  of  any  selector 
for  any  station.  It  is  sometimes  necessary,  as  will  be  explained 
later,  to  produce  a  simultaneous  signal  at  all  the  stations  and 
that  is  the  function  of  the  contact  on  the  stop  piece,  it  being 
only  necessary  to  send  out  the  proi^er  number  of  impulses  on  the 
line  which  will  cause  all  the  selectors  to  engage  with  this  contact. 
Fig.  12  shows  the  local  battery  way-station  circuit  used  with 
this  selector.  There  are  two  40-ohm  retardation  coils  placed  on 
either  side  of  the  selector  as  a  protection  against  lightning.  The 
selector  is  wound  to  3,750  ohms  and  is  connected  with  the  proper 


Fig.  10. — Western  Electric  selector 

taper  resistance  to  produce  equal  current  in  all  the  bridges. 
When  a  station  is  called,  contact  A  is  made,  which  closes  the 
local  battery  through  the  vibrating  bell.  The  bell  is  also 
equipped  with  a  front  contact  which  makes  and  breaks  a  10,000- 
ohm  resistance  across  the  line  and  gives  the  despatcher  an  answer 
back. 

This  selector  is  also  arranged  to  ring  a  bell  by  means  of  the 
battery  located  at  the  despatcher's  office,  thus  eliminating  the 
local  battery  at  the  substation.  Fig.  13  shows  the  apparatus 
so  arranged.  When  using  central  battery  to  ring  the  bell  it  is 
necessary,  of  course,  to  have  it  high  wound.     In  this  case,  its 
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resistance  is  1100  ohms  and  a  taper  resistance  is  used  in  series 
to  produce  the  same  current  through  the  bell  wherever  it  may  be 
located  on  the  line.  It  was  foimd  that  if  the  taper  resistance 
used  for  the  selector  was  also  used  for  the  bell,  the  drop  in  voltage 
due  to  the  combined  current  passing  through  the  resistance  was 

great  enough  to  reduce  the 
current  to  an  objectionable 
extent.  Separate  taper  re- 
sistances are,  therefore,  used 
on  the  bell  circuit.  Fig.  14 
shows  the  despatcher's  send- 
ing key,  one  being  used  for 
each  station.  These  keys  are 
mounted  by  means  of  a  latch 
in  a  smtable  cabinet  and  can 
be  individually  and  quickly 
removed  without  disturbing 
electrical  connections.  They 
consist  of  a  train  of  gears 
,  whose  speed  is  controlled  by 
an  improved  silent  governor.  The  contact  wheels  are  the  same 
in  all  keys  of  a  given  type  but  are  adjusted  for  each  station  by 
moving  the  segments  so  as  to  imcover  the  proper  ntunber  of 
teeth  for  the  station  desired. 
This  feature  makes  the  keys  universal  and  as  the  selectors 


Fig.  11. — Lever  movements  of 
W.  E.  selector 


Fig.  12. — W.  E.  substation  circuit  (local  battery) 

are  easily  adjustable  to  any  station,  they  are  also  universal, 
and  a  spare  selector  and  key  kept  on  hand  can  be  arranged 
quickly  to  replace  any  selector  or  key  which  may  become  de- 
fective. 
Fig.  15  shows  the  despatcher's  and  line  circuit.     The  contacts 
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of  the  sending  keys  are  all  arranged  in  parallel  so  that  the  opera- 
tion of  any  one  will  cause  the  sending  relay  to  operate  and 
place  main  battery  current  on  the  line.  Capacity  and  resistances 
are  placed  around  the  contacts  to  reduce  the  sparking.  The 
noise  of  sending  is  reduced  by  leading  the  battery  current 


THROUGH  FRAME 


Fig.  13. — W.  E.  Substation  circuit  (central  ring) 

through  three  retardation  coils  and  placing  six-microfarad  con- 
densers across  the  line.  It  was  foimd  that  if  on  a  despatching 
wire  the  line  should  from  any  cause  break,  leaving  but  few 
selectors  on  the  line,  the  current  through  the  selector  bridges 
would  rise  to  such  a  point,  due  to  the  fact  that  the  total  voltage 


Fig.  14. — W.  E.  sending  key 

was  still  used,  that  the  selector  stepping  armature  would  stay 
in  its  forward  position  when  stepping  impulses  were  sent  on  the 
line  instead  of  oscillating  and  stepping  the  wheel.  This  was  a 
serious  objection  as,  in  case  of  an  accident  of  this  kind,  the  des- 
patcher  would  be  unable  to  call  the  stations  between  him  and  the 
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break.  It  was  found  that  this  sticking  occurred  more  or  less  in 
all  types  of  selector  operated  by  impulse  from  the  despatcher's 
oflSce.  The  fault  was  overcome  to  a  certain  extent  with  the 
Western  Electric  selector  by  designing  the  magnetic  circuit  of  the 
selector  so  that  under  normal  current  it  would  be  fairly  near 
saturation,  excessive  current  not  increasing  the  pull  of  the 
armature  very  much.  This  remedied  the  objection  somewhat, 
but  upon  further  investigation,  it  was  found  that  with  excessive 
current  going  to  the  line,  the  six-microfarad  condensers,  used  for 
quieting  the  circuit  at  the  despatcher's  office,  becoming  more 
highly  charged  under  this  extreme  condition,  tended  to  hold  the 
selectors  up  during  intervals  between  stepping,  due  to  their  dis- 
charge over  the  line  and  through  the  bridges.  In  order  to  count- 
eract this  effect,  the  sending  relay  was  equipped  with  an  extra 


Pig.  15, — W.  E.  despatchers  and  line  circuit 

contact  A  so  constructed  that  the  closure  of  the  battery  con- 
tact B  caused  the  opening  of  A ,  and  the  instant  that  contact  B 
broke,  contact  A  made.  In  series  with  contact  A  across  the 
line  was  placed  a  250-ohm  resistance.  This  arrangement  pro- 
vides a  comparatively  low  resistance  path  for  the  discharge  of 
the  condensers  and  prevents  their  discharging  to  any  great 
extent  throughout  the  line  and  holding  the  selectors  up. 

In  addition  to  the  three  types  of  selectors  described,  there  are 
polarized  types  of  selectors  which  I  believe  have  been  used  to  a 
small  extent.  This  type  of  selector  generally  employs  current 
of  one  polarity  for  stepping  and  of  the  opposite  polarity  for 
ringing.  The  objection  which  has  been  brought  forth  against 
polarized  apparatus  has  been  that  it  is  necessary  to  maintain 
the  line  poled  in  one  direction  all  the  time,  as  a  reversal  of  the 
line  wires  will  cause  all  the  selectors  beyond  this  point  to  fail. 
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The  liability  of  reversing  lines  due  to  line  repairs,  patching, 
etc.,  seems  to  be  great  enough  to  raise  a  serious  objection  to 
polarized  apparatus. 

The  foregoing  description  covers  in  general  the  means  used 
by  the  despatcher  for  signaling  the  various  stations.  The  tower 
operator,  when  he  wants  to  communicate  with  the  despatcher, 
listens  in  to  learn  whether  the  line  is  busy,  and  if  it  is  not,  he 
merely  says  **  despatcher  "  in  the  transmitter.  The  despatcher 
wears  a  head  receiver  and  central  office  type  of  chest  transmitter 
and  is  on  the  line  all  the  time. 

The  second  requirement  which  must  be  met  by  the  telephone 
as  used  on  a  train  wire  are  means  whereby  any  number  of  stations 
can  simultaneously  listen  in. 

As  we  will  have  to  refer  to  transmission  values  it  might  be 
well  at  this  point  to  explain  the  units  used. 

In  giving  a  value  to  a  certain  quality  and  volume  of  trans- 
mission it  is  said  to  equal  a  certain  nimiber  of  miles  of  cable. 
This  means  that  the  number  of  miles  stated  is  such  that  when 
standard  instruments  are  used  for  this  distance  over  No.  19 
gauge  telephone  cable  of  0.06  microfarads  capacity  per  mile,  the 
value  of  transmission  will  be  the  same.  It  is  considered  that 
the  commercial  limit  of  good  transmission  is  30  cable-miles. 
This  value  can  be  equated  in  terms  of  any  other  kind  of  circuit. 
One  mile-cable  loss  is  equivalent  to  the  loss  sustained  in  16  miles 
(25.7  km.)  of  No.  9B.  &  S.  copper  and  as  this  is  the  standard  size 
of  wire  used  on  despatching  circuits,  it  will  be  seen  that  the  line 
may  be  480  miles  (772  km.)  long  before  the  so-called  commercial 
limit  is  reached.  This  is  considerably  longer  than  any  of  the 
circuits  in  use,  there  being  but  few  over  250  miles  (402  km.)  in 
length.  There  is,  therefore,  a  surplus  of  transmission  available 
which  can  be  taken  advantage  of  in  arranging  circuits  to  permit 
several  operators  to  listen  in  simultaneously.  The  loss  occa- 
sioned by  the  selector  bridges  is  almost  negligible,  the  im- 
pedance to  talking  frequencies  of  the  W.  E.  selector  being  about 
90,000  ohms.  This  value  is  such,  that  the  loss  sustained  when 
forty  selectors  are  across  the  line  is  only  one  mile  of  cable. 

The  first  form  of  substation  talking  circuit  used  on  train  wires 
was  the  standard  local  battery  circuit,  which  is  schematically 
shown  in  Fig.  16.  It  will  be  seen  that  during  conversation,  the 
condenser,  receiver  and  secondary  of  the  induction  coil  are  in 
series.  The  resistance  of  the  secondary  of  the  coil  used  was  20 
ohms,  and  of  the  receiver  70  ohms,  a  two-microfarad  condenser 
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being  used  in  series.  The  total  impedance  of  this  bridge  to 
talking  current  is  approximately  600  ohms,  about  300  ohms  of 
which  are  active  for  receiving  purposes.  It  is  obvious  that  when 
a  number  of  these  sets  are  bridged  across  the  line  at  once,  the 
joint  impedance  of  the  parallel  paths  is  very  low  and  the  trans- 
mission correspondingly  difficult  between  widely  separated  sta- 
tions. 

The  first  step  towards  overcoming  this  difficulty  was  to  raise 
the  impedance  of  the  talking  bridge  by  the  use  of  a  different 
induction  coil,  wound  with  a  low  primary  and  a  high  impedance 
secondary.  This  bettered  matters  somewhat  as  the  higher  re- 
sistance bridges  produced  a  more  even  distribution  of  the  talking 


Fig.  16. — Local  battery  telephone  circuit 

current  from  the  despatcher's  office,  and  would  give  better  out- 
going transmission  from  the  substations.  Although  the  des- 
patcher's voice  currents  were  undoubtedly  better  distributed 
among  the  bridges  with  this  arrangement,  still,  due  to  the  fact 
that  the  bulk  of  the  impedance  in  the  bridges  was  in  the  second- 
ary of  the  coil,  the  receiver  having  a  resistance  of  but  70  ohms, 
the  transmission  gain  was  very  slight. 

The  next  obvious  step  would  be  to  maintain  the  high  im- 
pedance in  the  talking  bridge  but  put  as  much  of  this  impedance 
as  possible  in  the  receiver.  If  this  were  done,  however,  the  high 
impedance  receiver  in  series  with  the  secondary  of  the  induction 
coil    would  reduce   the  outgoing   transmission   from   the   sub- 
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station  to  an  objectionable  extent.  It  was  then  determined  that 
the  best  results,  both  for  receiving  and  transmitting,  would  be 
obtained  by  installing  a  switching  arrangement  at  the  sub- 
station so  that  when  the  switch  was  in  one  position  the  circuit 
was  in  the  best  possible  condition  for  receiving  and  when  in 
the  other  position  was  in  the  best  possible  condition  for  trans- 
mitting. The  circuit  developed  is  shown  in  Fig.  17,  the  circuit 
to  the  left  representing  the  despatcher*s  station  and  to  the  right 
the  way  station. 

It  will  be  noted  that  a  non-locking  push  button  is  located  at 
the  way  station  and  in  its  normal  position  the  bridge  across  the 
line  consists  merely  of  a  700-ohm  receiver  and  a  one-microfarad 
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Fig.  17. — W.  E.  Train  despatching  way  station  circuit 

condenser.  The  impedance  of  this  receiver  is  about  2500  ohms 
and  as  the  total  impedance  of  the  bridge  is  all  in,  the  receiver  it  is 
all  effective  for  receiving  purposes. 

When  the  operator  wishes  to  talk  he  depresses  the  push  button 
or  in  some  cases  a  foot  switch  which  closes  his  local  transmitter 
battery  circuit  and  also  connects  the  secondary  of  his  induction 
coil  to  the  line.  The  voice  currents  generated  in  the  secondary 
have  a  path  directly  across  the  line  in  series  with  the  condenser 
and  also  a  shunt  path  through  the  retardation  coil  and  receiver 
in  series.  This  retardation  coil  is  of  about  6,000  ohms  im- 
pedance and  is  placed  in  series  with  the  receiver  in  the  manner 
shown,  in  order  that  the  despatcher  may  break  in  if  it  is  necessary 
for  him  to  interrupt  an  operator  while  talking.     The  impedance 
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values  are  such  that  the  amount  of  side  tone  is  just  sufficient  for 
the  operator  to  distinguish  the  despatcher's  voice  if  he  interrupts 
and  he  will  release  his  button  in  order  to  clearly  understand 
what  the  despatcher  is  saying.  The  outgoing  transmission  of 
this  circuit  is,  therefore,  the  best  possible  consistent  with  the 
fact  that  we  n^ust  arrange  to  permit  the  despatcher  to  interrupt 
the  operator's  conversation  when  necessary. 

The  induction  coil  used  in  the  way-station  and  also  the  trans- 
mitter are  especially  designed  for  railway  work.  The  trans- 
mitter button  is  of  medium  resistance  and  while  not  taking  ex- 
cessive battery  current  still  varies  the  current  through  a  large 
range  and  gives  good  volume  and  articulation  with  three  cells 
of  battery. 

When  the  receiver  is  off  the  hook,  this  circuit  reduces  the 
transmission  by  about  one  mile  of  cable,  for  stations  beyond, 
that  are  receiving  from  the  despatcher.  130  miles  (209  km.) 
No.  9  copper  being  the  average  length  of  despatcher's  line,  the 
line  transmission  loss  at  16  miles  (25.7  km.)  of  wire  to  one  mile 
(1.6  km.)  of  cable,  will  be  eight  miles  (12.8  km.)  of  cable,  leaving 
an  equivalent  in  transmission  of  22  miles  of  cable  that  can  be 
used  in  the  bridges  before  we  reach  30-mile  (48-km.)  transmission 
for  the  last  station.  Thus  it  will  be  seen  that  on  a  line  of  this 
kind  22  operators  can  be  listening  in  and  good  transmission  can 
be  maintained.  It  is  practically  never  necessary  that  this 
number  be  on  the  line,  15  being  a  liberal  estimate  of  the  number 
of  receivers  that  will  be  off  the  hook  at  one  time.  If,  however, 
emergencies  should  arise  making  it  necessary  for  25  or  30  oper- 
ators to  listen  in,  transmission  will  be  sufficiently  good  for  the 
transaction  of  business,  even  though  it  is  beyond  the  30-mile 
limit. 

The  requirements  of  the  despatcher's  circuit  are  somewhat 
different  from  those  at  the  towers.  He  must  be  on  the  line  all 
the  time  and  the  transmission  and  receiving  of  his  set  must  be  as 
good  as  possible,  without  resorting  to  the  use  of  a  push  button  for 
talking  and  listening,  as  his  time  is  too  fully  occupied  to  permit 
him  to  use  this  device. 

The  circuit  is  shown  at  the  left  of  the  figure.  A  70-ohm 
receiver  is  used  in  series  with  the  secondary  of  the  same  type 
of  induction  coil,  as  is  used  at  the  substations,  and  a  one-micro- 
farad condenser  in  series.  The  impedance  of  this  bridge  is  about 
650  ohms  and  it  being  the  lowest  on  the  line,  the  receiving  will 
be  good.     This  value  also   permits   good   transmitting.     The 
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switch  shown  in  the  figure  is  of  the  locking  type  and  opens  the 
battery  circuit  when  the  set  is  not  in  use.  Another  form  of  the 
substation  circuit  developed  for  the  way-station  is  shown  in 
Fig.  18.  This  arrangement  is  somewhat  similar  to  the  one 
previously  described  and  contains  a  push  button  to  operate  when 
talking.  Under  normal  conditions,  that  is,  when  the  push  button 
contacts  are  open,  the  path  of  incoming  voice  currents  is  through 
the  adjustable  retardation  coil,  70-ohm  receiver,  secondary  of  the 
induction  coil  and  condenser.  The  impedance  of  this  retarda- 
tion coil  is  adjustable  by  means  of  a  sliding  core  and  the  various 
stations  are  adjusted  with  reference  to  their  distance  from  the 
despatcher's  office,  the  furthest  station  on  the  line  having  the 
least  impedance.  When  the  button  is  depressed  for  talking  the 
transmitter  battery  is  closed  and  a.  retardation  coil  is  placed  in 


8  CELLS  OF  DRY  BATTERY 


Fig.  18. — Adjustable  coil  way  station  circuit 

shunt  around  the  adjustable  coil  and  receiver.  This  cuts  down 
the  impedance  of  the  bridge  for  outgoing  voice  currents  and  still 
permits  of  enough  side  tone  so  that  the  despatcher  can  break  in  on 
the  conversation.  The  impedance  of  the  bridge  under  these 
conditions,  however,  is  considerably  higher  than  in  the  previous 
circuit  described  and  for  this  reason  it  is  advisable  to  use  more 
local  battery  current,  as  many  as  eight  cells  being  sometimes  used 
for  this  purpose.  This,  of  course,  is  somewhat  objectionable  in 
that  it  tends  to  decrease  the  life  of  the  transmitter.  The  im- 
pedance of  the  receiving  bridge  with  the  core  all  in  the  ad- 
justable retardation  coil,  is  about  4,300  ohms,  and  all  out  is 
1,200  ohms.  A  bridge  of  4,300  ohms  is  equivalent  to  0.6  mile- 
cable  loss  and  1200  ohms  to  1.8  mile  loss,  or  an  average  of  1.2 
mile  loss  for  each  station  on  this  circuit. 
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Patching 
In  order  to  facilitate  testing  and  maintain  service  on  the  train 
wire  in  the  case  of  line  trouble,  it  is  customary  to  loop  the  various 
lines  on  the  pole  into  every  station  or  every  few  stations,  through 
patching  boxes.  A  typical  box  is  shown  in  Fig.  19  and  its  cir- 
cuit arrangement  in  Fig.  20.  The  wires  entering  the  tower  are 
connected  to  the  jacks  at  the  left,  the  connection  passing  through 
the  cutoff  contact  to  the  jack  at  the  right  and  from  thence  back 
_  on  the  pole  line.     Two  locking  keys 

I^^^HH^^^^^^^H i    are  provided,  arranged  so  that  the 
fl^H^^^^HBi  selector    and    telephone    set    are 

(    ■^V^^^^H^H  normally   connected   to   the   train 

'    I  ^1   l^^l   I  wires  but   by   operating   the   key 

I  ^1   ^^^B   I  they  are  connected  to  two  pairs  of 

I  ^H    ^^^H   I  cords.    When  a  train  wire  gets  into 

I  ^BfllB^Bfl  trouble,  the  operator  can  cut  off 

I  ^^^^^^^^H  the  line  beyond  his  station  by  in- 

B^^^^^^^^H  serting  any  plug  in  cither  one  of 

^^^P^^^^^^^  the  train  wire  jacks.     This  oper- 

ates the  cutoff  contact  and  opens 
the  line.  When  the  trouble  is 
located  between  any  two  towers, 
the  operator  at  the  tower  nearer 
to  the  despatcher  throws  his  key, 
placing  a  plug  of  one  pair  in  the 
incoming  train  wire  and  the  other 
plug  of  this  pair  into  the  wire  which 
he  is  going  to  use  for  patching.  He 
also  places  one  plug  of  the  other 
pair  in  the  other  side  of  the  in- 
coming wire,  placing  its  mate  in 
the  other  side  of  the  outgoing 
wire.  This  will  connect  the  in- 
coming train  wires  to  the  outgoing 
pair  of  wires  to  be  used  for 
patching.  The  operator  on  the  other  side  of  the  break,  plugs  in 
in  such  a  way  that  the  patching  wire  is  again  connected  onto  the 
train  wire.  The  patching  box  is  equipped  with  a  grounding  jack 
so  that  any  line  can  be  grounded  for  test. 

The  foregoing  describes  in  a  general  way  the  manner  in  which 
the  telephone  has  been  adapted  for  use  on  train  wires.  The 
second  class  of  service  in  which  the  telephone  is  replacing  the 
telegraph  is  on  message  wires. 


Fig.  19. —Patching  box 
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Message  Wires 
A  telegraph  message  wire  extends  throughout  a  division  and 
is  generally  cut  in  to  all  the  offices  on  the  division.  It  is  used 
for  the  transaction  of  miscellaneous  railway  business  between 
division  and  intermediate  points.  It  is  also  used  in  a  great 
many  cases  for  sending  commercial  telegraph  messages,  when 
the  railroad  and  telegraph  companies  employ  joint  operators. 
In  addition  to  the  above  uses,  the  message  wire  is  usually  used 
for  sending  time  to  the  various  towers.  It  is  extremely  im- 
portant that  the  clocks  at  the  offices  along  the  line  be  correct, 
as  even  a  comparatively  slight  difference  in  the  indicated  time 
between  the  despatchers*  and  substation  offices  may  cause  serious 
results  to  follow.     In  order  that  the  accuracy  of  the  various 
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Fig.  20. — Patching  box  circuit 

clocks  may  be  regularly  checked  at  a  certain  time  each  day, 
and  on  some  roads  twice  a  day,  a  certain  number  and  arrange- 
ment of  dots  are  sent  out  on  the  telegraph  line  in  such  a  way  that 
they  indicate  to  the  various  operators  the  exact  time,  thus 
permitting  the  operators  to  properly  set  their  clocks,  if  such 
action  is  necessary.  From  the  above  it  will  be  seen  that  the  re- 
quirements which  the  telephone  must  meet  for  this  class  of  ser- 
vice are: 

1.  To  selectively  signal  on  a  line  whose  characteristics  are  in 
general  the  same  as  a  train  wire,  but  that  the  selective  signaling 
should  be  capable  of  being  performed  by  any  operator  on  the 
line.  In  other  words,  selective  signaling  arranged  for  inter- 
conununicating  work. 
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2.  The  ability  to  simultaneously  signal  all  the  operators  so 
that  time  may  be  given. 

The  telephone  has  been  in  use  for  message  work  on  a  number 
of  wires  in  which  all  the  calling  is  done  by  one  operator,  thereby 
differing  somewhat  from  telegraph  operation.  Circuits,  how- 
ever, have  recently  been  developed  for  inter-communicating 
work  which  give  satisfactory  service.  Probably  the  one  having 
the  widest  margin  of  operation  was  developed  in  connection  with 
the  step-by-step  selector  and  is  shown  in  Fig.  21. 

The  condensers  and  retardation  coils  at  the  despatcher's 
end,  for  reducing  the  noise  of  sending,  are  arranged  practically 
as  in  the  standard  train  wire  circuit.  Each  substation  is 
equipped  with  a  sending  key,  so  connected  that  its  operation  will 
place  impulses  on  the  line  from  ground  through  the  center  of.  the 
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Fig.  21. — Western  Electric  Intercommunicating  circuit 

resistance,  over  both  sides  of  the  line,  through  the  point  A, 
thence  through  the  battery  and  sending  relay  to  ground.  The 
operation  of  this  relay  places  current  impulses  metallically  on  the 
line  and  operates  the  selectors  at  the  various  stations,  the  se- 
lector used  being  the  standard  type  used  on  train  wires.  Modifi- 
cations of  this  circuit  arrangement  are  in  use  for  this  purpose 
but  the  difficulty  that  has  heretofore  been  encountered  has  been 
that  with  a  grotmded  relay,  the  line  leaks  are  liable  to  be  suffi- 
cient to  either  operate  the  relay  or  hold  it  in  its  operated  position. 
The  glass  insulators  on  a  pole  line  along  the  right  of  way  of  a 
railway  are  constantly  subjected  to  the  smoke  and  soot  from  the 
locomotives.  This  almost  invariably  causes  the  insulators  to 
become  permanently  coated  with  soot  and  when  wet  weather 
sets  in,  the  leaks  to  ground  on  railroad  lines  probably  average 
considerably  higher  than  is  found  to  be  the  case  in  commercial 
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practice.  The  circuit  shown  was  designed  to  neutralize  as 
much  as  possible  the  effects  of  line  leakage  in  so  far  as  it  affected 
operation.  It  will  be  noted  that  when  any  station  is  sending, 
current  flows  from  ground  of  that  station  over  the  upper  line 
wire  as  shown  in  the  figure,  to  a  normally  closed  contact  of  the 
relay,  through  this  contact  to  the  point  A  on  the  lower  line  wire, 
and  then  through  battery  and  relay  to  ground.  The  contact 
arrangement  is  such  that  the  making  of  the  normally  open 
contact  breaks  the  normally  closed.  This  cuts  off  the  current 
from  the  upper  line  wire  and  doubles  the  resistance  for  grounded 
current,  thereby,  cutting  the  current  through  the  relay  in  half. 
The  relay  being  in  its  operated  position,  this  current  is  sufficient 
to  hold  it.     As  the  first  effect  of  line  leaks  would  be  to  hold  the 
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Fig.  22. — Intercommunicating  system.  Curves  show  relation  between 
line  voltage  and  length  of  line.  System  can  be  operated  over  assum- 
ing a  definite  leakage  per  loop  mile  (with  no  readjustment  of  sending 
relay). 

ground  relay  closed  when  it  was  operated,  the  arrangement  shown 
largely  overcomes  this  tendency.  The  taper  resistances  used  in 
connection  with  the  keys  at  the  substation  are  arranged  so  as  to 
give  the  grounded  relay  the  same  current  from  any  substation. 
The  curves  shown  in  Fig.  22  show  the  margins  of  operation  of 
this  system  for  various  lengths  of  line  and  operating  voltages. 
For  an  average  line  of  130  miles  (209  km.)  and  160  volts,  the 
line  leaks  can  be  as  low  as  125,000  ohms  per  mile,  without  inter- 
fering with  operation.  This  is  equivalent  to  about  960  ohms 
ground  leak,  which  is  a  value  that  would  seldom  be  met  with 
in  practice. 

The  manner  of  sending  out  time  is  as  follows:  Referring  to 
Fig.   12,  which  is  the  local  substation  circuit  of  the  Western 
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Electric  selector,  it  will  be  noted  that  when  the  selector  closes 
the  lower  contact,  the  local  battery  current  goes  through  the  bell 
winding  but  in  its  path  is  not  included  the  vibrating  contact. 
This  will  cause  the  bell  to  become  single  stroke  in  action. 

Referring  to  Fig.  11  which  shows  the  selector,  the  platinum 
contact  on  the  stop  piece  will  be  made  simultaneously  on  all  the 
selectors  when  a  sufficient  number  of  impulses  have  been  placed 
on  the  line.  When  time  is  to  be  sent,  the  Wire  Chief  at  the 
division  jxjint  operates  a  special  key  which  steps  all  the  selectors 
around  to  their  time  contact  point  and  holds  current  on  the  line. 
The  circuit  at  the  division  point  is  so  arranged  that  the  contact  of 
the  telegraph  relay  receiving  time  makes  and  breaks  the  current 
on  the  message  wire.     The  interval  of  no  current  on  the  line  is  so 
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Fig.  23. — Time  sending  circuit 

short  that  the  slow  acting  member  of  the  selector  does  not  fall 
back,  but  the  time  contact  is  made  and  broken,  which  taps  the 
bell,  and  reproduces  the  signals  which  were  formerly  heard  on 
the  soimder. 

This  is  the  method  used  to  send  time  when  local  battery  bells 
are  used.  If  the  same  manner  of  tapping  the  bells  were  em- 
ployed in  circuits  where  way-station  bells  are  rung  by  the  des- 
patcher's  battery,  the  amount  of  current  required  to  operate 
^  the  selectors  and  ring  all  the  bells  at  once,  would  tend  to  cause 
^ch  an  excessive  current  flow  that  the  amount  of  voltage  drop 
on  long  lines  would  be  such  that  satisfactory  operation  could  not 
be  obtained.  Another  arrangement,  Fig.  23,  was  therefore  de- 
veloped for  sending  time  on  the  central  ringing  systems.     When 
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time  is  to  be  sent  on  the  line,  the  Wire  Chief  at  the  division  point 
throws  a  switch  which  connects  up  the  circuit  as  shown.  The 
secondary  of  a  repeating  coil  or  transformer  is  connected  across 
the  line  and  the  middle  point  of  its  primary  connected  to  one 
side  of  the  main  battery,  the  other  two  ends  of  the  primary  wind- 
ing being  connected  to  the  front  and  back  contact  of  the  tele- 
graph relay,  which  operates  in  accordance  with  the  time  im- 
pulses being  sent  from  the  distant  point.  Resistances  are  intro- 
duced in  the  leads  from  the  relay  contacts  in  order  to  limit  the 
amount  of  current  and  condensers  are  used  to  reduce  the  sparking. 
It  will  be  seen  that  as  the  relay  operates,  there  will  be  generated 
in  the  secondary  of  the  coil  and  sent  out  on  the  line  an  impulse 
or  kick,  alternating  in  character.  There  is  placed  in  series  with 
the  selector  at  each  of  the  substations  an  ordinary  lOOO-ohm 
polarized  telephone  bell.  These  bells  are  operated  every  time  a 
secondary  impulse  is  sent  out.  After  time  has  been  given  and 
the  Wire  Chief  has  opened  his  switches,  leaving  the  lines  in 
normal  condition,  the  first  impulse  sent  out  by  the  despatcher 
when  he  calls  a  station,  may  be  of  such  polarity  that  it  will 
cause  some  of  the  bells  to  tap.  There  will  only  be  one  tap  heard, 
however,  as  the  bells  will  remain  in  the  position  to  which  they 
have  moved.  This  circuit  arrangement  obviates  any  danger  of 
stepping  the  selectors  up  which  might  be  the  case  where  the 
contacts  of  the  time  repeating  relay  connected  directly  on  the 
line.  The  fact  that  the  polarized  bells  at  the  substations  are 
unbiased  and  will  not  be  affected  by  reversal  of  line  wires,  is 
another  advantage  of  this  system. 

Up  to  the  present  time,  most  of  the  railroads  are  still  giving 
time  over  the  telegraph  as  there  are  but  few  instances  of  divisions 
where  there  are  no  longer  telegraph  instruments  in  the  towers. 
There  are,  however,  divisions  on  some  roads  in  which  the  tele- 
phone has  replaced  the  telegraph  entirely,  and  on  these  divisions, 
time  is  being  given  over  the  telephone  circuit. 

In  addition  to  the  use  of  the  telephone  for  train  despatching 
and  message  work,  it  has  also  come  into  very  extensive  use  for 
block  wire  service. 

Block  Wires 

The  length  of  a  block  wire  ranges  from  one-half  mile  (0.8  km.) 
to  six  or  eight  miles  (9.6  or  12.8  km.)  and  the  service  required  of 
the  telephone  for  blocking  purposes  is  merely  to  maintain  com- 
munication between  two  block  towers.  There  are  no  new 
features'required  of  the  telephone  for  this  work.     A  great  many 
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of  the  roads  are  using  the  existing  telegraph  wire  between  blocks 
for  a  grounded  telephone  circuit.  This  will,  of  course,  introduce 
some  noise  in  the  telephone,  but  the  line  being  short,  this  is  not 
generally  objected  to.  If  a  satisfactory  loud-speaking  receiver 
cotdd  be  produced,  it  would  undoubtedly  be  very  generally  used 
for  blocking  purposes.  If  this  instrument  were  used,  no  sig- 
naling device  would  be  necessary,  as  by  simply  throwing  a  key 
and  talking  into  this  transmitter,  an  operator  can  call  the  ad- 
jacent tower.     This  arrangement  would  also  have  the  advantage 


Fig.  4. — Substation  circuit 

of  permitting  the  operator  to  be  handling  his  levers  or  doing 
other  work,  and  still  receive  the  message.  Loud  speakers  have 
recently  been  developed  and  are  now  being  experimentally 
tried  out  on  a  division  of  one  of  the  roads.  The  results  so  far 
obtained  indicate  that  it  will  be  advantageous  to  use  these 
instruments  for  blocking  service. 

It  is  very  often  the  case  that  besides  the  block  wire,  there 
are  one  or  two  short  party  lines  reaching  from  the  tower  to  siding 
telephones,  residences  of  employees,  etc.  The  hand  generator 
and  code  signaling  is  in  general  use  for  signaling  between  blocks 
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and  on  these  party  lines.  In  order  to  relieve  the  load  of  the 
operator  somewhat,  an  interrupter  has  been  developed,  and  is 
arranged  so  that  code  ringing  can  be  performed  by  means  of  a 
push  button.  Fig.  24  shows  a  schematic  diagram  of  this  in- 
terrupter. A  very  efficient  type  of  transformer  is  used  in  this 
instrument,  and  with  six  dry  cells  in  the  primary  circuit,  twenty 
2,500-ohm  bells  can  be  rung  on  a  500-ohm  line- 
In  addition  to  the  service  performed  by  the  telephone  on  rail- 
roads, as  has  been  described  in  this  paper,  it  has  facilitated  rail- 
road business  in  several  other  ways.  Telephones  are  used  ver}' 
extensively  at  sidings.  These  telephones  are  generally  connected 
with  the  despatcher's  wire  and  train  crews  can  immediately  get 
in  touch  with  the  despatcher,  and  a  great  amount  of  time  can  be 
saved.  There  has  been  put  on  the  market  a  semaphore  type  of 
signal  in  the  base  of  which  is  mounted  a  telephone  and  selector 
equipment.  In  case  the  despatcher  wants  to  stop  a  train  and  call 
the  conductor  to  the  telephone,  he  can  do  so  by  operating  the 
selector  which  throws  the  signal. 

Portable  telephones  have  also  come  into  pretty  general  use. 
On  some  roads,  every  train  carries  a  portable  telephone  and  a  line 
pole.  The  line  pole  is  jointed  for  convenience  in  carrying  and 
can  be  quickly  assembled  for  use.  It  is  equipped  with  two 
metallic  hooks  at  its  upper  end  which  the  conductor  can  connect 
with  the  despatcher's  wires  on  the  pole  line  and  thereby  get  into 
communication  with  him. 

Although  the  telephone  has  been  in  use  on  railroad  divisions 
for  less  than  four  years,  it  has  proven  to  have  a  great  many  ad- 
vantages over  the  telegraph  which  the  railroads  were  quick  to 
appreciate,  and  at  the  present  time,  there  are  about  37,000  miles 
(59,545  km.)  of  road  equipped  with  the  telephone,  and  there 
have  been  no  instances  so  far  in  which  accident  of  any  kind  can 
be  traced  to  the  use  of  the  telephone  for  railroad  work. 
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Discussion  on  "  Some  Recent  Developments  in  Railway 
Telephony,"  Los  Angeles,  Cal.,  April  27,  1911. 

Eempster  B.  Miller :  The  matter  of  railway  train  dispatching, 
discussed  by  Mr.  Brown  in  his  paper,  is  one  of  great  importance, 
not  only  to  telephone  men,  but  to  railway  people  and  the  public 
at  large.  There  is  an  impressive  mileage  of  railroads,  important 
railroads,  that  are  now  being  operated  by  telephone  rather  than 
by  the  telegraph,  and  this  fact  is  surprising  to  those  who  have 
not  watched  and  been  in  close  touch  with  the  development  of 
this  branch  of  telephony. 

An  interesting  thing  in  the  discussion  of  the  power  transmission 
papers,  day  before  yesterday,  was  that  some  companies  had  seen 
fit  to  build  a  separate  pole  line  for  the  telephone  circuit,  distinct 
from  the  power  transmission  line.  That  is  not  because  it  is 
impossible  to  put  telephone  wires  on  transmission  poles  and  get 
fairly  goo<i  service,  but  in  order  to  effect  an  extra  precaution  to 
insure  telephone  transmission  at  the  time  it  is  most  needed. 
In  many  cases  that  is  not  done — I  should  say  in  the  great 
majority  of  cases.  Now,  if  the  power  transmission  companies 
are,  for  added  security,  willing  to  build  a  separate  pole  line  for 
telephone  circuits  when  they  already  have  a  high  grade  line, 
the  question  naturally  arises  in  my  mind  in  regard  to  this 
telephone  railway  train  dispatching,  is  it  wise  for  the  railroads 
to  load  up  the  talking  circuit  with  the  selective  ringing  apparatus? 
I  see  no  reason  for  even  suggesting  the  building  of  another  pole 
line  in  the  case  of  railway  circuits;  but  it  does  seem  to  me  that 
in  many  cases  the  building  of  a  separate  copper  circuit,  or  iron 
if  the  conditions  warrant  iron,  for  operating  the  selective  bells 
would  be  warranted.  This  separate  circuit  for  the  operation  of 
the  selective  bells  on  the  dispatching  system,  would  prevent 
loading  down,  with  ringing  apparatus,  a  circuit  already  over- 
loaded with  a  multiplicity  of  bridged  talking  circuits,  I  under- 
stand that  some  railroads  are  doing  it  but  that  many  others  have 
refused  to  spend  the  necessary  amount  of  money.  In  view  of  the 
extreme  importance,  particularly  from  the  standpoint  of  the 

safety  of  the  public,  I  think  this  phase  of  the   subject   worth 

discussion. 
L.  B.  Cramer:     I  have  not  much  to  say  in  regard  to  this 

paper,  as  the  experience  that  I  have  had  with  the  system  is 

not  of  very  long  duration,  because  the  line  was  not  entirely 

completed  when  I  left  to  come  here;  but  I  have  a  few  questions 

to  ask  Mr.  Brown. 
One  thing  that  I  do  not  entirely  agree  with  Mr.  Brown  in  is 

his  statement  that  the  "  arrangements  permitting  the  signaling 

of  stations  without  interrupting  conversation  results  in  a  saving 

of  a  considerable  amount  of  time." 

So  far  as  my  observation  has  been  concerned,  that  seems  to  be 

more  of  a  salesman's  talking  point  than  a  reality  in  operation. 

Perhaps  you  might  be  able  to  talk  while  the  man  is  signaling. 
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but  once  he  is  finished  and  the  man  at  the  other  end  has  an 
opportunity  to  say,  ''What  was  that?"  and  then  all  of  it  has  to 
be  repeated.  Perhaps  I  have  not  had  enough  experience  or 
perhaps  our  line  is  not  in  proper  tune  to  take  care  of  this,  but 
at  present  that  seems  to  be  one  thing  that  does  not  work  out  as 
it  is  supposed  to — that  is,  the  way  the  company  represented  the 
apparatus  spid  it  would  work. 

I  have  also  noticed,  in  regard  to  the  ringing  of  the  bell  at 
the  station  called,  the  sending  keys  are  made  of  such  a  size, 
that  if  they  were  made  a  little  larger  they  would  not  make  a 
cabinet  of  extremely  large  dimensions  and  the  amount  of 
space  that  can  be  given  to  them  would  then  be  enough  to 
produce  a  ring  long  enough  to  call  the  operator.  I  notice 
our  dispatcher  often  calls  a  second  and  even  a  third  time.  In 
case  of  substations,  where  the  bell  is  mounted  on  a  booth,  there 
being  some  noise  in  the  machines,  we  have  an  auxiliary  bell  that 
makes  plenty  of  noise  and  the  substations  are  the  stations 
from  which  we  get  the  best  responses. 

In  regard  to  the  switches,  which  have  one  position  for  re- 
ceiving and  one  for  transmitting  I  have  already  thought  of 
making  some  changes  in  the  apparatus  because  in  stations 
where  we  have  a  set  that  is  mounted  on  a  desk,  about  the 
second  or  third  day  after  the  telephone  is  in  operation  the 
agents  get  a  ruler  or  a  stick  and  plug  the  button.  This,  perhaps, 
could  be  made  a  subject  of  discipline  and,  taken  care  of  in 
that  way,  and  you  cotdd  get  the  result  which  you  are  supposed 
to  get  by  being  able  to  hear  better  by  leaving  the  button  in  nor- 
mal position  and  only  press  the  button  in  when  you  are  talking. 
The  agent  and  operator  will  do  these  things  and  when  there 
is  a -train  coming,  or  anyone  whom  they  think  will  see  it,  they 
will  take  the  plug  out;  but  ordinarily,  they  will  leave  it  plugged 
up  so  when  they  want  to  O.  S.  a  train,  they  will  not  have  to 
work  the  plug. 

Another  thing  that  I  would  like  to  ask  Mr.  Brown  is  in  regard  to 
the  retardation  coils.  We  made  some  tests  on  another  railway  where 
their  telephone  circuit  is  carried  on  the  same  poles  as  the  33,000- 
volt  transmission  system.  We  made  tests  of  two  different 
company s'  apparatus.  In  the  type  of  apparatus  which  the 
author  describes  I  notice  they  used  three  retardation  coils.  On 
that  particular  test  the  man  had  about  80  miles  of  telephone 
line  and  he  was  unable  to  produce  results  to  any  great  extent, 
while  another  company's  representative  with  apparatus  similar 
to  this  one,  but  on  which  he  used  only  one  retardation  coil,  he 
was  able  to  handle  his  calling  without  any  trouble  and  the 
transmission  seemed  to  be  first  class.  Now,  whether  there  was 
something  in  the  atmospheric  conditions  at  the  time  when  these 
different  tests  were  made,  or  whether  it  was  just  a  case  of  some 
operator's  interfering — that  is  one  thing  that  some  of  the  tele- 
graph operators  ^411  try  to  do.  If  they  know  you  are  tr)nng 
out  a  telepkone  which  will  do  away  with  their  job  as  telegraph 
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Operator,  they  will  resort  to  almost  any  means  to  put  the  tele- 
phone out  of  commission.  We  have  no  trouble  in  using  the 
telephone  in  connection  with  the  telegraph,  where  the  telephone 
is  used  mostly  for  handling  messages  pertaining  to  freight  ship- 
ments and  dispatching  power. 

Ralph  Bennett:  This  system  was  offered  to  me  about  two 
years  ago,  for  use  in  connection  with  the  transmission  line 
telephone.  We  did  not  adopt  it.  There  were  a  number  of 
questions  that  came  up  that  the  manufacturers  could  not 
answer.  We  have  on  our  telephone  line  a  pressure  of  about 
2,000  volts  to  the  groimd,  and  600  micro-amperes  unbalanced 
current  flow.  The  line  is  noisy.  When  we  had  trouble  on  the 
line  we  would  have  additional  voltages.  The  manufacturer 
could  not  state  how  we  could  repair  his  sets  with  the  men  we 
had.  He  could  not  state  definitely  his  apparatus  would  satis- 
factorily select  in  the  presence  of  those  large  currents  under 
heavy  pressiure  in  this  transmission  line.  I  would  ask  Mr.  Brown 
whether  these  things  could  not  be  handled  as  the  sectiring  of  a 
telephone  which  will  call  and  select  stations  for  transmission 
line  work  is  very  important. 

Ralph  W.  Pope:  Mr.  Chairman,  there  does  not  seem  to  be 
anyone  here  to  take  up  the  telegraph  operators'  view  of  the 
situation. 

Now  it  has  been  my  experience  in  my  fifty  years  of  knowledge 
of  the  Morse  telegraph,  that  the  people  who  do  not  understand 
it  and  work  it  don't  appreciate  what  a  beautiful  and  simple 
method  it  is  of  transmitting  communications.  It  may  be  of  a 
little  bit  of  interest — add  a  personal  touch — if  I  tell  you  that 
years  ago,  having  some  fifty  pages  of  what  would  now  be  fifty 
pages  pf  typewriting,  to  copy,  and  several  manifold  copies  to  be 
made,  that  Mr.  Edison,  my  brother,  one  other  operator  and 
myself  took  turns  in  sending  and  then  copying  down  from  the 
sotmder.  We  did  that  because  it  is  an  easier  way  to  copy  it  from 
the  soimder  than  by  looking  from  one  page  to  another.  You 
simply  write  and  the  words  go  in  your  ear  and  go  out  of  your  pen 
or  pencil  onto  the  paper  and  that  becomes  so  automatic  that  in 
the  course  of  receiving  a  long  press  report,  as  we  did  during  the 
Civil  War,  the  operator  was  obliged  to  take  a  bunch  of  carbon 
paper  and  change  the  sheets  at  the  bottom  of  each  page  so  as 
to  pick  up  the  work  when  a  new  batch  of  sheets  were  ready, 
and  this  involved  keeping  behind  about  fifteen  words,  behind  the 
sotmder,  and  it  took  all  of  the  next  page  to  catch  up  with  the  sender. 
I  am  giving  you  this  as  an  instance  of  what  the  telegraph  system 
really  is.  Now,  we  take  the  way  station  of  a  railroad  and  the 
operator  always  has  to  look  out  for  baggage  and  various  things 
around  the  place  and  wherever  he  is  in  that  room,  no  matter 
whether  he  is  called  or  not,  he  knows  what  is  going  on  over  the 
wire.  Of  course,  if  he  is  called,  he  is  obliged  to  answer.  As  an 
instance  of  what  an  operator  can  pick  up  in  that  way,  I  went 
down  frpip  Great  Barrington,  to   Sheffield,  expecting  to  ride 
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back  on  the  passenger  train.  It  was  bulletined  on  the  telegraph 
board  "  No  Report  '*.  I  thought  I  could  get  to  Great  Barrington 
for  dinner  but  I  could  not  find  out  whether  I  could  and  I  sat  there 
waiting  to  get  my  lunch,  growing  hungrier  all  the  time.  Mean- 
while I  heard  a  message  going  over  the  line  that  the  train  had 
been  delayed,  and  that  they  would  meet  at  Canam  somewhere 
below,  and  so  on;  and  I  figured  out  it  would  be  an  hour  and  forty 
minutes  before  the  train  would  be  along.  So  I  went  to  the  opera- 
tor and  said,  "  How  late  is  your  train  going  to  be?'!  He  says, 
**  I  don't  know;  I  have  had  no  report  of  it."  I  said  to  him-, 
"  According  to  the  information  I  received,  they  are  going  to 
meet  at  Canam  and  it  will  be  about  an  hour  and  forty  minutes 
wait,  and  I  thought  I  would  have  time  to  go  out  and  get  my 
lunch."     Well,  he  said,  "  you  are  a  pretty  good  guesser." 

Perhaps  what  we  may  call  that  particular  qualification  of  the 
telegraph  would  not  appeal  to  the  railroad  management,  that  a 
man  outside  could  find  out  how  the  trains  were  nmning.  The 
point  I  am  endeavoring  to  make  in  this  is,  that  the  Morse  system 
is  available  to  that  man  wherever  he  may  be  walking  around  the 
place.  He  has  not  got  to  go  and  answer  a  call  and  put  a  tele- 
phone up  to  his  ear  and  drop  everything  else;  but  he  takes  that 
incidentally  with  his  other  work.  That  is  simply  one  of  the 
features  of  the  Morse  system  that  appeals  to  the  railroad  tele- 
graph man.  You  must  remember  also  that  a  great  many  of  the 
men  who  are  in  active  management  are  practical  Morse  opera- 
tors, have  grown  up  with  the  system,  and  know  what  it  can  do. 
This  question  has  been  discussed  before  several  conventions  of 
the  Railway  Telegraph  Superintendents,  and  the  probabilities 
are  that  I  shall  have  occasion  to  discuss  it  at  their  next  conven- 
tion in  June.  So  you  will  see  that  there  is  another  side*  to  the 
question.  Here  you  have  a  railroad  force  developed  from  tele- 
graph operators  who  are  familiar  with  a  system  of  this  kind,  and 
it  is  the  simplest  and  best  thing  that  appeals  to  us  in  carrying 
on  this  work.  Were  a  sounder  there,  I  can  receive  a  message 
sitting  here,  and  I  don't  have  to  hold  anything  to  my  ear  at  all. 
I  simply  sit  down  and  write  from  it,  and  where  a  man  has  grown 
up  with  it  and  is  familiar  with  it,  he  never  can  get  over  that 
love  and  appreciation  of  the  simplicity  of  the  Morse  telegraph 
system  as  known  to  the  one  who  has  practiced  it,  although  it  is 
now  thirty  years  since  I  have  done  so. 

K.  B.  Miller:  I  can  add  my  little  personal  touch  there, 
although  a  much  less  skillful  operator  than  Mr.  Pope  was,  and 
having  no  right  to  claim  to  be  an  old  timer,  that  it  is  much  easier 
for  me,  or  would  have  been  in  days  gone  by,  to  have  written 
down  matter  taken  from  a  sounder  than  to  get  it  by  telephone. 
Mr.  Pope's  remarks  suggest  a  distinct  need  in  railway  train  dis- 
patching. Some  way  may  be  evolved  of  relieving  the  despatcher, 
who  is  a  rather  important  man,  from  wearing  a  harness — I  refer 
to  the  head  telephone.  They  don't  like  to  do  it.  The  loud 
speaking  receiver  has  been  proposed  and  tried  out  rather  care- 
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fully,  and  so  far  as  I  know  has  failed.  One  very  inji^cnious 
way  has  been  proposed  and  tried,  but  has  not  met  with  good 
results  owing  to  poor  articulation.  It  is  to  use  at  the  despatch - 
er's  station  a  telephone  repeater  so  that  the  feeble  incoming 
currents  could  be  magnified  to  produce  loud  talk  in  the  receiver, 
and  thus  relieve  the  despatcher  of  the  necessity  of  listening  to  a 
receiver  held  to  his  ear.  This  produced  plenty  of  noise  but  it  is 
articulate  speech  rather  than  noise  that  railway  train  despatching 
needs. 

C.  F.  Elwell:  In  glancing  over  the  paper,  I  was  struck  by  the 
last  paragraph,  "  Although  the  telephone  has  been  in  use  on 
railroad  divisions  for  less  than  four  years,  it  has  proven  to  have  a 
great  many  advantages  over  the  telegraph.'*  I  only  intrude  on 
your  time  to  tell  you  the  little  experience  I  have  had  with  the 
thing  10  years  ago  in  Australia.  I  went  out  there  to  put  in 
block  signal  systems,  and  they  were  already  then  using  the 
telephone  for  all  of  their  work.  They  had  a  system  there  in 
circuits  of  about  100  miles,  just  a  parallel  system  magneto 
and  code  af  signals  for  ringing.  The  signals  were  usually  Morse 
letters,  dots  and  dashes,  and  they  seemed  to  have  very  good 
satisfaction  with  the  phone.  They  had  no  telegraph  instru- 
ments in  the  office  at  all.  In  the  matter  of  calling  up,  we  found 
lots  of  times  that  at  certain  stations  it  was  almost  needless  to 
call.  All  we  had  to  do  was  to  take  the  phone  off  and  say, 
"  Are  you  there?"  Those  men  used  to  sit  with  the  receiver  glued 
to  their  ears  so  they  could  know  all  that  was  going  on  between 
all  the  stations.  I  just  mention  this  in  passing  to  show  you  that 
the  matter  is  a  good  deal  older  in  other  countries.  I  don't  know 
how  old  it  is  there,  but  I  know  this  was  in  1901 — ten  years  ago. 

Ralph  W-  Pope:  I  might  add  to  my  remarks,  that  the  condi- 
tions which  I  spoke  of  in  regard  to  the  railroad  service  have 
changed  very  much  within  my  recollection.  When  I  entered 
the  service,  the  station  agents  knew  nothing  about  the  telegraph, 
so  in  order  to  have  telegraph  facilities,  the  railroad  was  obliged 
to  have  an  operator  in  addition  to  the  agent,  so  that  today  we 
have  this  different  state  of  affairs  where  the  telegraph  operator 
has  grown  up  to  be  the  agent,  and  the  agent  therefore  is  not 
necessarily  obliged  to  have  an  operator  at  his  station,  on  his 
staff.  This  means  nothing  in  large  stations  where  they  have 
several  employees,  because  there  is  enough  work  to  keep  the 
operator  busy;  but  in  small  stations  it  simply  means  that  one 
man,  by  his  knowledge  of  telegraphy,  his  knowledge  of  railroad 
work,  can  be  the  whole  thing. 

S.  G.  McMeen:  Some  gentleman  asked  the  author  the 
question  whether  systems  of  this  kind  could  be  used  oo  telephone 
lines  associated  with  transmission  lines?  If  Mr.  Lisberger  is 
present,  he  can  speak  of  a  system  of  this  kind  which  is  in  service 
with  a  transmission  line  and  distributing  system,  all  within  one 
system,  but  which  has  in  it  all  the  elements  which  would  result 
in  a  long  transmission.     He  could  give  practical  information 
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on  a  selector  line.  As  to  the  thought,  the  author  may  criticize 
my  asking  the  question,  in  this  particular  case  in  which  Mr. 
Lisberger  is  familiar,  as  it  connects  stations  which  he  operates, 
the  only  difference  between  a  long  transmission  line  and  his  case, 
is  in  the  line.  It  is  not  in  the  apparatus  or  in  the  operation  of 
the  apparatus.  Therefore,  the  problem  becomes  this:  If 
with  the  system  he  has  he  had  a  longer  line  and  a  greater  ex- 
posiu-e,  he  would  have  a  practical  answer  to  the  question  which 
has  been  answered.  Now,  if  the  lines  were  longer  and  had  a 
greater  exposure,  what  new  difficulties  would  be  introduced? 
Only  these:  that  the  greater  exposure  might  make  that  line 
noisy  if  it  were  not  well  balanced.  That  is  to  say,  the  only 
features  which  might  make  it  unsuccessful  in  that  case  would  be 
line  features.  And  if  we  can  build  a  telephone  line  which  will 
be  quiet  during  reasonable  perfection  of  the  telegraph  line  which 
it  accompanies,  then  we  can  have  good  service  over  it.  Such 
lines  as  that  are  operating  every  day  successfully.  So  far  as  the 
telephone  line  and  telegraph  line  are  in  normal  condition,  then 
successful  operation  ensues.  There  is  nothing  in  the  selective 
apparatus  or  in  the  special  features  of  the  dispatching  circuit 
which  would  cause  that  line  to  be  less  easily  perfected  and 
operated  than  a  telephone  bridging  apparatus.  Therefore  I  would 
like  to  hear  Mr.  Lisberger  speak  of  this  line  as  to  its  automatic 
and  rapid  selection,  which  represents  everything  that  is  of  a  new 
character  as  to  which  the  gentleman  asked. 

Ralph  W.  Pope :  I  wish  to  express  my  appreciation  especially 
of  this  telephone  session.  Perhaps  the  Institute  has  been 
criticized  more  severely  by  some  of  its  members  upon  this  tele- 
phone question  than  any  other  branch  of  electrical  engineering, 
as  to  why  it  was  not  giving  more  attention  to  the  telephone. 
As  you  know,  that  means,  why  have  we  not  had  more  telephone 
papers?  I  think  that  this  question  has  been  answered — ^that 
for  the  first  time  we  have  had  Mr.  McMeen  as  an  active  member 
of  the  Telephony  and  Telegraphy  Committee  on  the  Pacific 
Coast  where  both  great  systems  of  telephony  are  in  operation. 
We  have  had  Col.  Reber  as  chairman  of  that  committee  and  he 
has  taken  a  great  deal  of  interest  in  this  subject  and  has  added 
to  it  a  great  deal  by  reason  of  his  great  familiarity  with  it  due  to 
the  position  he  holds  in  the  Signal  Department  of  the  Govern- 
ment. 

I  must  admit  I  was  surprised  at  the  number  and  quality  of 
this  group  of  telephone  papers.  I  think  that  great  credit  is 
due  to  Mr.  McMeen  for  his  activity  in  getting  them  together. 
I  wish  to  say  further  that  we  have  had  telephone  papers  before 
but  they  never  have  been  discussed  so  thoroughly  by  people  who 
were  familiar  with  the  various  systems  in  use.  This  meeting, 
suggested  by  Mr.  McMeen,  for  this  year,  to  my  mind  marks  an 
epoch  in  the  development  of  the  Institute's  treatment  of  tele- 
phone engineering.  It  will  be  up  to  us,  wherever  we  may  meet 
hereafter,  to  endeavor  to  attain  this  standard. 
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J.  A.  Lighthipe:  I  have  been  out  of  the  telephone  work  a 
long  time  but  I  feel  like  our  beloved  Secretary,  Mr.  Pope,  no 
matter  how  long  he  is  away  from  the  old  original  Morse,  he  still 
loves  it.  It  is  the  same  way  with  me  in  the  telephone  work.  I 
still  love  it  and  try  to  follow  it. 

In  the  old  days  of  the  telephone,  when  it  first  started,  the  best 
receiver  we  had  was  what  we  called  a  crown  receiver.  It  had 
six  magnets  screwed  on  the  back  of  a  handle,  and  was  found  to  be 
wond«iully  improved  by  dropping  off  five  and  using  one. 
Then  the  only  carbon  buttons  that  were  used  in  the  country — 
we  must  give  Mr.  Edison  the  credit  of  being  the  first  man  who 
really  used  carbon  buttons  on  his  transmitter — were  made  in 
a  small  shack  in  the  rear  of  the  laboratory  at  Menlo  Park. 
Mr.  Edison  could  not  use  commercial  lamp  black  for  making  the 
buttons  so  he  made  it  by  smoking  kerosene  lamps.  He  had 
about  fifty  of  these  lamps  with  a  V  cut  out  of  the  center  of  the 
wick  to  make  it  smoke,  and  kept  the  chimneys  turning  arotmd 
until  they  were  full  of  lampblack  which  was  scraped  out  later. 

The  smoking  process  was  attended  to  by  an  old  Irishman  who 
was  possessed  of  great  skill  in  picking  up  a  lamp  when  it  was  on 
fire  and  throwing  it  out  of  the  open  door.  The  old  transmitter 
was  made  of  two  brass  buttons  the  faces  of  which  were  covered 
with  platinum,  and  a  carbon  button  pressed  in  between  them. 
At  that  time  it  completely  revolutionized  the  telephone  business. 
It  was  the  first  time  we  could  talk  any  distance  at  all  and  it 
really  opened  the  commercial  field  for  telephone  work. 

Mr.  Edison,  at  that  time,  was  quite  deai.  Today  he  is  even 
more  so.  It  is  very  hard  to  talk  to  him.  He  could  hardly  hear 
the  old  Bell  telephone;  even  with  the  carbon  transmitter.  It 
was  hard  work  for  him  to  understand  what  was  said  at  the  other 
end.  He  therefore  tried  to  invent,  or  did  invent  a  loud  speaking 
telephone.  Very  few  of  you  have  ever  seen  one,  although  they 
are  very  simple  to  make.  They  consist  of  a  chalk  cylinder  made 
by  pressing  precipitated  chalk  and  afterward  turning  it  down 
to  one  inch  in  diameter.  Upon  the  surface  of  the  cylinder  rested 
a  small  stylus  tipped  with  palladium.  The  end  of  the  stylus 
was  fastened  to  the  center  of  a  mica  diaphragm.  This  cylinder 
was  continually  rotating  and  when  the  telephone  was  properly 
adjusted  the  sotmd  coming  out  of  the  receiver  was  considerably 
louder  than  that  going  into  the  transmitter;  you  almost  invari- 
ably had  to  pull  your  ear  away  when  you  were  talking  into  it. 
I  don't  know  that  the  principle  of  that  telephone  has  ever  been 
thoroughly  understood.  When  a  ctirrent  passes  through  the 
stylus  to  the  cylinder,  the  tension  is  released.  In  turning  the 
cylinder  the  diaphragm  was  continually  pulled  in  one  direction. 
As  the  different  waves  passed  through  the  chalk  the  stylus 
would  slip  so  that  the  mica  diaphragm  in  the  receiver  would 
practically  duplicate  the  motion  of  the  diaphragm  in  the  trans- 
mitter. This  telephone  lasted  only  a  few  months.  I  don't 
think  it  was  ever  introduced  in  this  country.     They  tried  to  put 
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it  in  use  in  London,  but  today  it  is  simply  laid  aside  as  one  of  our 
curiosities. 

When  the  Blake  transmitter  came  out,  it  was  the  starting 
point  of  all  our  telephones.  It  was  adjusted  so  beautifully 
that  you  could  stand  off  five  or  six  inches  from  the  transmitter, 
whereas  before  you  had  to  talk  right  up  close.  The  old  Blake 
transmitter  probably  has  done  more  good  towards  the  universal 
adoption  of  the  telephone  system  than  any  one  thing. 

In  closing  I  will  simply  state  that  I  am  very  very  glad  to  meet 
the  engineers  of  the  telephone  convention  here.  I  have  followed 
up,  as  far  as  I  could,  in  my  crude  way,  what  wonderful  improve- 
ments they  have  made.  Mr.  McMeen  was  kind  enough  to  show 
me  the  first  automatic  machine  I  ever  saw.  That  was  at  Fourth 
and  Market  Streets  in  San  Francisco  right  after  the  fire.  I 
was  simply  astonished  at  the  magnificent  mechanism  of  that 
machine.  It  was  almost  human  in  its  hunting  up  a  free  trunk, 
selecting  the  number,  either  getting  the  subscriber  or  answering 
back  that  it  was  busy.  I  had  no  idea  up  to  that  time  what  a 
wonderful  development  had  been  made. 

S.  J.  Lisberger:  The  telephone  system  which  we  have  in 
use  in  San  Francisco  is  not  in  any  wise  connected  with  a  long 
distance  transmission  system.  The  system  of  the  San  Francisco 
Gas  &  Electric  Co.  is  that  used  by  most  companies  in  city 
distribution  work,  namely,  a  main  generating  station  with  a 
number  of  substations.  In  San  Francisco  we  have  nine  sub- 
stations and  one  generating  station.  We  were  confronted  with 
the  problem  of  quick  despatching  between  substations  in  times 
of  trouble.  Our  ordinary  system  of  telephone  communication 
is  a  central  board  in  our  main  office  building  on  Sutter  Street, 
from  which  point  lines  radiate  to  stations  and  substations. 
There  is  always  an  operator  at  this  main  switchboard  day  and 
night.  It  was  therefore  necessary  if  an  operator  at  substation 
B  v^anted  to  get  into  communication  with  substation  C,  to 
get  into  communication  with  the  main  office  first.  If  we  lost 
a  bank  of  transformers,  or  a  small  section  of  line  came  down, 
or  in  the  event  of  serious  trouble  to  a  substation,  such  as  we 
had  after  the  San  Francisco  fire,  there  would  be  so  many 
calls  coming  into  the  main  board,  that  the  operator  could  not 
give  time  and  attention  to  the  substation  calls,  and  very  often 
we  found  that  if  one  substation  could  only  get  into  com- 
munication with  another  substation  the  trouble  could  be  very 
quickly  remedied,  whereas  we  were  often  delayed  five  or  ten 
minutes.  The  solution  of  the  problem  was  to  get  quick  com- 
munication between  substations.  The  system  we  finally  adopted 
was  worked  out  for  us  by  Mr.  McMeen  and  was  an  automatic 
system.  We  had  objections  to  an  intercommunicating  system 
of  our  own  due  to  the  fact  that  it  must  be  attached  to  our 
poles  or  in  our  conduits  and  that  was  open  to  the  objection 
that  if  we  had  trouble  it  was  entirely  possible  to  lose  our  en- 
tire communicating  system.     The  wire  system,  belongs  entirely 
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to  the  Home  Telephone  Company;  is  carried  on  their  own 
lines,  in  their  own  conduit  systems,  and  is  entirely  independent 
of  the  system  we  have  in  operation ;  all  that  is  necessary  for  one 
station  to  get  another  is  merely  to  turn  the  selector  switch  to  the 
required  numbers — it  takes  three  different  movements  to  call; 
the  system  starts  with  721  and  runs  to  730.  I  have  shown 
to  several  of  our  visitors  the  time  it  takes  to  call  a  station,  which 
is  about  9  seconds. 

It  is  very  often  necessary  for  one  station  to  talk  to  three 
stations,  or  four  stations  at  a  time  and  we  have  what  we  call 
a  master  switch  and  one  station  can  get  every  other  station  on 
the  line  by  working  that  mechanism.  Mr.  McMeen  went 
further  to  help  us  in  the  problem,  (but  we  did  not  take  his 
further  suggestion,  not  because  we  did  not  want  it,  but  because 
we  could  not  afford  it)  wherein  he  offered  to  give  us  a  signal 
board  which  would  show,  by  means  of  lights  when  we  were 
calling  a  series  of  stations,  whether  they  answered  or  not.  If 
station  C  called  stations  B,  E  and  F,  under  our  present  system, 
station  C  would  ring  first  station  B,  then  station  E  and  then 
station  F.  All  the  stations  have  orders  to  wait  on  the  line 
until  someone  talks.  Mr.  McMeen  designed  an  indicating 
board  that  would  quickly  indicate  who  was  on  the  line,  would 
show  when  B  was  on  the  line  and  next  E  was  on  the  line  and 
next  F  was  on  the  line.  That  was  very  nice  but  involved  some 
financial  d'fficulties  that  we  did  not  care  to  meet.  Otherwise,  in 
all  matters   it  is  most  satisfactory  to  us. 

S.  G.  McMeen:  I  might  say  that  although  Mr.  Lisberger 
spoke  of  this  as  automatic,  it  is  not  an  adaptation  of  the  auto- 
matic station  equipment.  It  is  an  adaptation  of  the  railway 
dispatching  apparatus.  The  devices  used  are  not  telephone  ex- 
change selectors,  but  railway  telephone  selectors,  although  in- 
stead of  working  the  telegraph  key,  the  operator  works  it  with  a 
round,  automatic  station  dial.  This  is  merely  used  as  an  in- 
temiptor  for  the  calling  impulses. 

Gregory  Brown:  Mr.  Miller  brought  up  the  question  of 
separate  signalling  circuits.  There  is  one  type  of  selector,  so 
far  as  I  know,  that  uses  three  wires — one  for  signalling  and  two 
for  talking.  That  has  not  been  very  extensively  used.  When 
you  consider  the  impedance  of  the  selectors  across  the  line,  it 
hardly  seems  necessary  to  consider  that  line  very  heavily  loaded 
as  far  as  transmission  is  concerned.  For  that  reason,  I  do  not 
believe  it  would  be  necessary  to  have  a  separate  signalling  wire. 
Selectors  are  also  being  experimented  with  now  that  have  an 
impedance  of  something  over  600,000  ohms.  These  selectors 
contain  advantages  due  to  that  high  resistance,  and  if  they  are 
used,  it  certainly  would  not  be  necessary  from  a  transmission 
standpoint  to  have  an  extra  signalling  wire. 

Mr.  Cramer  seems  to  have  had  quite  a  few  troubles.  The 
first  he  mentions  is  that  he  does  not  find  it  feasible  to  signal 
and  talk  at  the  same  time.     I  have  been  around  pretty  nearly 
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all  over  the  country  on  the  various  roads,  and  this  is  a  complaint 
that  is  practically  new  to  me.  In  some  cases  I  have  found  this 
to  occur,  but  on  investigation  we  generally  find  that  there  is 
some  trouble  with  the  despatchers  apparatus.  One  of  the 
troubles  that  occurs  perhaps  more  than  any  other  and  causes 
these  results  is  the  breaking  down  of  the  condensers  at  the 
dispatcher's  ofl&ce.  These  would  not  round  off  a  sending  wave  to 
such  a  great  extent. 

The  length  of  ring  has  been  criticized — the  length  of  ring  at 
the  station.  I  have  gotten  around  that,  where  they  want  a 
longer  ring,  by  installing  a  strap  key  at  the  dispatcher's  office. 
This  key  is  wired  in  a  parallel  with  the  automatic  keys,  and  if  the 
dispatcher,  for  any  reason  wants  the  bell  in  the  station  he  is 
calling  to  ring  longer  than  would  ordinarily  be  the  case,  he  turns 
the  calling  key  of  that  station,  and  when  he  hears  the  answer 
back  he  merely  presses  down  the  strap  key.  There  are  various 
other  modifications  of  selector  arrangements  which  permit  the 
bell  to  ring  in  the  substation  until  the  substation  operator  presses 
a  button.  In  fact,  most  any  kind  of  service  can  be  given,  ac- 
cording to  what  the  particular  railroad  wants,  but,  as  a  general 
thing,  most  of  them  are  satisfied  with  a  certain  length  ring,  about 
a  second  and  a  half,  imiformly  in  all  stations. 

Another  trouble  that  was  experienced  was  that  the  agent  sticks 
a  toothpick  or  something  in  the  push  button  and  holds  it  down. 
The  obvious  plan  to  ptirsue  there  is  to  fire  the  agent;  and  this 
has  been  done  in  a  great  many  cases,  especially  when  the  tele- 
phone was  first  used  on  railroads.  As  has  been  mentioned  by 
several  of  the  speakers,  the  operators  bucked  a  good  deal  at 
the  introduction  of  the  telephone,  their  idea  being  that  they 
probably  were  going  to  have  their  salaries  reduced,  or  some  of 
them  would  lose  their  jobs.  It  is  not  the  policy  of  large  rail- 
roads to  put  men  out  of  emplo>'ment  except  in  very  extreme 
cases,  and  if  the  introduction  of  the  telephone  permits  offices 
to  be  closed,  or  forces  to  be  reduced  at  certain  points  the  men 
as  a  rule  are  taken  care  of  in  some  other  position. 

A  test  on  a  33 ,000- volt  line  was  mentioned  in  which  the  appara- 
tus of  two  manufacturers  was  used.  It  seems  to  me  that  the  tele- 
phone apparatus  used  in  this  test  is  at  least  very  similar  among 
manufacturers,  that  is,  the  large  manufacturers,  and  that  it  hardly 
could  be  a  question  of  quality  of  apparatus  to  show  up  in  the 
way  that  was  indicated;  that  is,  according  to  the  statement 
that  was  made,  I  gather  that  one  of  them  failed  completely,  and 
the  other  one  gave  good  satisfaction.  It  seems  to  me  there 
must  have  been  another  factor  that  entered  into  those  two  tests 
that  caused  that  great  difference,  because  the  transmitters  £ind 
coils,  and  so  on,  are  very  nearly  similar  insofar  as  their  ex- 
cellence is  concerned. 

Mr.  Bennett  spoke  of  calling  and  selecting  on  transmission 
lines.  Mr.  McMeen  answered  this  question  about  the  only 
way  it  can  be  answered,  I  guess,  and  that  is  with  proper  trans- 
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positions  of  your  line  if  you  get  a  quiet  telephone  line  you  can  do 
anything  with  it  in  the  way  of  talking  and  selecting. 

Mr.  Pope  brought  up  the  point  in  favor  of  the  telegraph  in 
that  you  could  hear  the  telegraph  when  you  were  at  some  distance 
away  from  the  instrument,  whereas  in  the  telephone  you  have  to 
have  the  instrument  up  to  your  ear.  About  two  months  ago  I 
conducted  a  trial  installation  down  on  one  of  the  Pennsylvania 
lines,  using  a  new  type  of  loud  speaking  receiver.  Criticism 
has  been  made  of  the  telephone  when  used  on  a  railroad  division 
that  it  was  all  right  for  every  purpose  except  blocking,  and  that 
for  this  purpose  it  was  not  as  quick  as  the  telegraph,  and  this 
criticism  seemed  to  be  more  or  less  justified.  The  reason  that 
this  criticism  was  made  was  that  in  telephone  blocking  it  is 
necessary  for  the  operator  to  ring  up  another  operator  and  then 
go  through  the  motions  of  putting  the  receiver  on  his  head  and 
talking  with  him,  whereas  with  the  telegraph  he  merely  ticks 
off  what  he  wants  to  say  and  it  is  done.  And  that  was  the  reason 
for  the  development  or  the  experiments  with  loud  speakers  of 
various  kinds  and  the  attempt  to  develop  a  good  one. 

There  has  been  considerable  work  done  on  this,  and  although 
it  has  been  comparatively  easy  to  get  up  a  loud  speaker  for 
blocking — one  that  was  plenty  loud  enough — still  the  articula- 
tion was  not  what  it  should  be.  This  blocking  service  represents 
an  ideal  condition  for  loud  speakers,  because  the  lines  are 
extremely  short  and  are  not  loaded,  and  you  can  take  full  ad- 
vantage of  all  the  energy  coming  out  of  the  transmitter.  This 
installation  was  put  in  in  three  or  four  of  the  towers,  and 
was  left  in  for  about  ten  days.  During  that  time  it  was 
used  exclusively  by  the  operators  for  blocking  trains,  and 
in  fact,  they  much  preferred  to  use  these  speakers  because 
the  work  was  easier  for  them.  They  were  then  taken  out  merely 
to  put  them  in  in  a  better  shape  the  next  time  as  far  as  mount- 
ing is  concerned,  making  it  more  convenient  for  use,  and  also  to 
employ  a  busy  test  by  means  of  a  buzzer  that  had  not  been  taken 
care  of  in  the  first  installation.  It  is  intended  to  use  or  experi- 
ment with  this  same  type  of  receiver  for  dispatcher's  use,  and 
there  will  shortly  be  some  trials  in  that  field. 

Mr.  Elwell  spoke  of  a  train  dispatching  line  being  in  use  in 
Australia  in  1902,  I  think  it  was.  In  the  first  part  of  my  paper 
I  mention  two  or  three  instances  of  the  early  installation  of 
telephones  on  a  train  wire.  All  these  installations  used  code 
ringing,  and  for  that  reason  they  were  not  very  successful. 
There  was  too  much  of  a  load  on  the  dispatcher.  I  think  the 
first  one  used  in  this  country  was  in  1883,  which  is  probably 
before  the  one  mentioned  by  Mr.  Elwell. 

I  think  there  is  no  doubt  that  the  telephone  has  proven  its 
case  on  the  railroad  and  I  mention  in  the  paper  quite  a  few 
advantages  of  the  telephone  over  the  telegraph  and  I  can  prob- 
ably mention  quite  a  few  more,  and  anybody  who  thinks  of  the 
matter  can  easily  see  that  there  is  no  question  but  what  the 
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telephone  does  have  advantages  over  the  telegraph.  Mr. 
Miller,  I  believe,  raised  the  point  about  the  distinctness  with 
which  the  intelligence  could  be  transmitted  over  the  telephone — 
that  is,  where  train  orders,  important  orders  regarding  train 
service  in  which  human  life  is  risked — ^the  distinctness  with 
which  they  could  be  heard.  Now,  in  sending  out  orders,  the 
various  railroads  have  standardized,  in  their  telegraph  methods, 
and  they  have  also  adopted  practically  the  same  scheme  when 
they  shifted  over  to  the  telephone.  In  sending  out  an  order  the 
despatcher  rings  the  various  operators  and  they  will  come  in 
and  then  he  states  a  certain  number,  31  or  23,  or  whatever  it  is, 
which  indicates  the  type  of  order  he  is  to  give  and  he  starts  to  give 
his  order  and  as  he  gives  his  order  he  writes  it  down  himself  so  as 
not  to  give  the  order  faster  than  the  operator  can  take  it  down. 
As  the  dispatcher  writes  the  order  when  he  comes  to  the  name  of 
a  town  or  any.  figures  whatever,  engine  numbers  or  anything 
similar,  or  the  time,  besides  speaking  it  in  the  ordinary  manner, 
he  spells  it  out.  After  he  has  completed  giving  the  order  the 
operators  in  their  turn  repeat  this  back  to  him  and  as  each  opera- 
tor repeats  it  back  to  him  the  despatcher  underlines  the  word 
repeated,  so  if  there  are  three  operators  repeating  the  record  of 
the  order  would  be  in  the  desptacher's  book — it  would  have  three 
underlines  under  each  word  which  was  repeated,  which  would 
supposedly  prove  it  had  been  repeated  by  three  operators. 
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CONTINUITY  OP  SERVICE  IN  TRANSMISSION 
SYSTEMS. 


BY   MAGNUS  T.   CRAWFORD 


Introductory  Statement 
The  object  of  this  paper  is  to  give  the  results  of  a  number  of 
years  of  operation  of  the  Snoqualmie  Falls  Transmission  system 
of  the  Seattle-Tacoma  Power  Company  and  to  deduce  therefrom 
practical  conclusions  as  to  the  effectiveness  of  the  method  of 
operation  used.  The  discussion  will  be  confined  entirely  to  the 
transmission  system,  and  the  possibilities  of  insuring  continuous 
service  by  means  of  auxiliary  steam  plants  will  not  be  considered. 
Each  high-tension  system  is  a  problem  in  itself  and  must  be 
worked  out  with  respect  to  its  individual  features  and  conditions, 
such  as  generating  capacity  in  kilowatts,  length  of  lines,  size  of 
wires,  ratio  of  resistance  and  reactance,  line  voltage  and  climatic 
conditions.  It  is  believed  however,  that  a  log  of  the  operating 
results  of  a  particular  system  is  worthy  of  record,  if  the  con- 
ditions of  operation  are  correctly  described. 

Descriptive  Data 

The  general  features  of  the  system  are  shown  in  the  accom- 
panying diagram  and  illustrations. 

A  good  description  of  the  original  installation  as  completed 
in  1900  may  be  found  in  Engineering  News,  December  13, 
1900,  and  the  evolution  of  the  transmission  line  was  described 
in  a  paper  read  before  the  Seattle  Section  of  the  A.I.E.E., 
December  19,  1908,  published  in  the  Proceedings,  and  in  the 
Journal  of  Electricity,  April  24,  1909.  This  paper  covers  only 
ihe  four  years  1907,  1908,  1909  and  1910. 
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Generator  capacity  12000  kw.,  step-up  transformers  15,000  kw.  Trans- 
mission 30,000  volts  three-phase,  neutral  ungrounded. 

Poles,     Cedar,  average  height  40  to  50  feet.  (12.19  to  15.24  m.). 

Spans.  136  to  160  ft.  (41.14  to  48.76  m.)  average  length;  up  to 
1000  ft.  (304.8  m.)  at  river  crossings. 
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Diagram  of  60,000- volt  transmission  system. 

Lines.  Falls  to  Renton  20  miles  (32.18  km.)  two  pole  lines.  Renton 
to  Seattle  13  miles  (20.92  km.),  two  pole  lines.  Renton  to  Tacoma  26 
miles  (41.84  km.)  by  one  pole  line  and  34  miles  (54.71  km.)  by  the  other. 
Palls  to  Everett  40  miles  (64.37  km.)  one  pole  line.  Tacoma  to  Smelter 
at  Point  Defiance,  6  miles  (9.65  km.)  one  pole  line.  Total  172  miles 
(276.8  km.) 
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Wires,  Palls  to  Renton  No.  4/0  seven-strand  aluminum.  Ren- 
ton  to  Seattle  and  Tacoma,  No.  2/0  seven-strand  aluminum.  Palls 
to  Everett,  No.  4  solid  copper.     Tacoma  to  Smelter,  No.  4  solid  copper. 

Spacing.  7  by  9  ft.  (2.13  by  2.74  m.)  and  7  ft.  (2.13  m.)  equilateral 
triangles. 

Insulators.  One  piece,  tripple  petticoat  porcelain,  6  in.  (16.24  cm.) 
diameter,  Redlands  pattern.  White  imperial  porcelain  on  main  lines. 
Brown  porcelain  on  Everett  line,  not  tested  before  installation. 

Pins.     Locust  wood,  impregnated  with  paraffine. 

Cross  Arms.  Pour  by  6}  in.  (10.1  by  11.13  cm.)  to  6  by  6  in.  (12.7  by 
15.24  cm.)  select  Washington  fir. 

Switches.  At  Palls,  non-automatic  remote  control,  vertical  break  oil 
switches  in  brick  compartments.  At  Renton,  Seattle  and  Tacoma,  non- 
automatic  lever  control,  rotating  horizontal  break  oil  switches  in  iron 
tanks.  At  small  stations  and  for  throwing  lines  in  multi{^e,  fused 
air  break  "  jack  "  switches  or  fused  horn  switches. 

Protective  Apparatus.  Multigap  lightning  arresters  with  series  re- 
sistances. 

1908 

Wood  pins  changed  to  malleable  iron  on  corners  and  important  points 

1909 

Transmission  voltage  raised  to  60,000  volts  on  December  6,  1909, 
using  same,  wires,  poles  and  cross  arms. 

Insulators.  Four-piece  brown  porcelain  of  standard  design,  each 
tested  to  120,000  volts,  and  made  with  threaded  l}-in.  (38.1  mm.)  pin 
hole. 

Pins.     Malleable  cast  iron  with  threaded  head. 

Switches.  At  Palls  and  Renton,  non-automatic  remote  control, 
vertical-break  oil  switches  in  steel  tanks.  At  Seattle,  Tacoma  and 
Everett,  non-automatic  lever  control  rotating  horizontal-break  oil 
switches  in  iron  tanks.  At  small  substations,  series  trip  coil  actuated 
automatic  overload  release,  rotating  horizontal  break  oil  circuit-breakers 
in  iron  tanks. 

Disconnecting  Switches.  Out-door  pole  top  type,  three-pole  double 
break,  consisting  of  contact  jaws  mounted  on  line  insulators  with  con- 
necting blades  rotating  in  a  horizontal  plane. 

Protective  Apparatus.  Aluminum  cell  electrolytic  lightning  arresters 
installed  at  each  end  of  each  line. 

1910 
Additional  8760  kw.   generator  put  in   service  in   November,   with 
8750  kw.  additional  step-up  transformer  capacity. 

Outline  of  System  of  Operation 
In  the  operation  of  high-voltage  lines  on  the  Snoqualmie 
system  the  high-voltage  line  switches  are  non-automatic  elec- 
trically-operated by  remote  control  except  those  used  in  throwing 
the  lines  in  multiple  at  substations,  which  are  instantaneous 
overload  release  switches.     The  Falls  operator  has  on  his  switch- 
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board  an  indicating  ammeter  and  the  control  handle  for  an 
electrically-operated  remote-control  oil  switch  for  each  outgoing 
high-voltage  line. 

The  generator  oil  switches  are  kept  blocked  in  solid  on  the 
bus  bars  except  when  synchronizing  a  new  machine.  If  the 
Snoqualmie  system  is  running  in  parallel  with  the  Electron 
system  or  with  other  generating  systems  as  is  frequently  the 
case,  the  connection  is  made  with  instantaneous  overload-re- 
lease circuit-breakers,  and  a  similar  connection  is  made  with  the 
steam  plant  at  Seattle. 

When  a  short  circuit  comes  on  the  system  all  automatic  cir- 
cuit breakers  connecting  other  systems  and  all  switches  for 
multiple  connections  drop  out  at  once,  leaving  each  line  separate 
clear  to  the  Falls.  The  Falls  operator  first  lowers  the  voltage 
and  gets  the  speed  of  the  machinery  under  control.  It  is  then 
usually  apparent  on  the  line  ammeters  which  line  is  short  cir- 
cuited, and  if  it  does  not  bum  clear  in  a  few  seconds  it  is  opened 
with  the  remote-control  oil  switch.  The  voltage  is  then  slowly 
brought  back  to  normal  and  only  a  part  of  the  load  is  lost.  The 
substation  operators  then  open  their  end  of  their  line  at  the  pole 
switch,  and  linemen  are  sent  out  to  the  defective  section  of  the 
line.  This  is  located  by  opening  all  pole  switches  in  the  line 
and  then  testing  out  one  section  at  a  time,  starting  at  the  Falls, 
until  a  section  is  found  which  shows  trouble. 

If  it  is  not  apparent  to  the  Falls  operator  which  line  is  in 
trouble,  the  short  circuit  is  fed  thirty  seconds,  and  one  of  the  lines 
opened,  and  if  it  still  does  not  clear  it  is  fed  thirty  seconds  longer 
on  the  other  line,  and  the  station  is  never  shut  down  as  long 
as  it  can  be  kept  running.  Two  large  water  rheostats  of  iron 
wire  immersed  in  the  tailrace  and  provided  with  oil  switches 
are  thrown  on  the  generator  bus  whenever  a  heavy  load  is  to  be 
dropped,  as  in  opening  a  short  circuited  line,  and  serve  to  aid 
the  control  of  speed  and  voltage.  In  extreme  cases  where 
trouble  holds  and  all  lines  are  opened,  the  station  is  run  on  the 
water  rheostats  and  each  line  thrown  in  again  at  intervals  until 
one  is  found  that  is  clear. 

Substation  operators  open  all  high-tension  switches  when 
power  goes  off  the  line  and  immediately  make  connections  with 
another  generating  system  or  steam  plant,  and  pick  up  the 
local  load  until  power  comes  on  the  lines  again. 

The  details  of  the  system  of  upkeep  employed  in  connection 
with  the  transmission  system  have  been  carefully  worked  out, 
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as  a  great  many  of  the  interruptions  in  service  may  be  avoided 
by  proper  maintenance  of  the  lines.  Eight  patrolmen  are  em- 
ployed and  each  held  responsible  for  the  condition  of  a  part  of 
the  line.  They  are  stationed  at  a  transforming  station  as  near 
as  possible  to  the  middle  of  their  patrol,  and  furnished  with 
a  residence  and  a  telephone  from  the  private  line.  .Patrolmen 
are  furnished  with  a  saddle  horse  and  saddle  bag  containing 
telephone  test  set,  sundry  tools  and  material,  and  once  each 
week  they  carefully  inspect  their  section  of  the  line.  All  badly 
broken  insulators  are  replaced  and  any  other  necessary  repairs 
made.  Every  two  miles  along  the  line  a  small  booth  is  fastened 
to  a  pole,  and  a  stock  of  insulators,  pins,  cross  arms,  line  wire, 
etc,  are  kept  locked  up  therein,  so  that  in  case  of  trouble,  ma- 
terial for  repairs  will  always  be  within  one  mile. 

Each  patrolman  also  has  charge  of  the  pole  switches  in  his 
territory  and  once  a  month  he  makes  a  complete  and  thorough 
examination  of  each  switch,  keeping  the  parts  well  oiled  and  in 
perfect  alignment.  Each  week  he  makes  a  written  report  on  a 
printed  form  of  the  results  of  his  line  patrol  and  switch  examina- 
tion. 

When  any  repair  work  is  to  be  done  on  a  high-tension  line,  it 
is  killed  and  opened  by  an  air-break  switch  at  each  end,  and  the 
lineman  working  on  the  line  makes  a  solid  short  circuit  and 
ground  at  the  point  where  he  is  working,  with  a  flexible  cable 
provided  for  the  purpose.  All  lines  are  in  charge  of  the  station 
operator,  and  linemen  notify  the  operator  by  telephone  when  a 
line  is  desired,  waiting  until  he  is  told  the  line  is  dead  before  doing 
any  work  thereon.  All  communications  between  employees  in 
connection  with  high  voltage  are  repeated  back  to  the  speaker, 
and  are  written  down  in  the  station  log  book.  These  precau- 
tions are  necessary  to  reduce  mistakes  to  a  minimum. 

Explanation  of  Tables 
The  following  tables  and  curves  show  a  log  of  the  operation 
of  the  transmission  system  for  the  last  four  years.  All  cases 
of  trouble  on  the  high-tension  lines  or  in  transformers  that  caused 
an  appreciable  disturbance  of  the  line  voltage  are  recorded, 
but  short  circuits  on  low-tension  distribution  systems  and  other 
troubles  not  chargeable  to  the  transmission  system  are  excluded. 
The  times  given  as  *'  shut  down  '*  are  cases  where  power  was  off 
the  high  tension  lines  of  the  Snoqualmie  system  long  enough  to 
switch  out  the  defective  line.     The  actual  service  interruptions 


Digitized  by  VjOOQIC 


1054 


CRAWFORD:  TRANSMISSION  SYSTEMS       [April  27 


were  of  very  short  duration,  as  power  was  usually  obtained  im- 
mediately from  another  system  or  steam  plant  at  Seattle,  Tacoma 
and  Everett. 

The  conditions  of  transmission  are  somewhat  severe,  as  the 
'  lines  pass  through  rough  country  and  along  country  roads.  The 
land  is  being  cleared  for  agricultural  purposes  and  for  new  rail- 
roads, so  that  a  great  deal  of  blasting  and  grading  is  being  car- 
ried on,  causing  much  trouble.  The  pole  line  has  been  built 
ten  years,  and  has  not  the  mechanical  factor  of  safety  of  a  new 
line.  The  tables  show  how  the  troubles  resulting  from  these  ad- 
verse conditions  were  handled  with  a  minimum  disturbance  to 
service,  as  out  of  the  total  of  66  cases  of  trouble  given  in  the 
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Service  interruptions  on  the  Snoqualmie  transmission  system 


table,  52,  or  about  80  per  cent,  were  handled  without  an  in- 
terruption of  service. 

During  the  latter  part  of  1907  considerable  trouble  was  caused 
by  burned  wooden  pins.  These  pins  had  been  in  service  nearly 
seven  years,  and  the  threaded  tops  were  softened  to  pulp,  ap- 
parently by  the  action  of  nitric  acid  formed  from  the  air  and 
moisture  by  the  leakage  currents. 

The  line  was  gone  over  by  patrolmen  and  on  all  turns  and 
important  places  the  wood  pins  were  replaced  by  malleable  iron 
pins,  and  no  more  trouble  resulted  from  this  cause.  With  the 
weak  points  thus  fixed  the  system  gave  practically  continuous 
service  during  the  year  1908.     During  1909  the  work  of  recon- 
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struction  for  60,000  volts  was  in  progress  and  nearly  half  of  the 
system  was  cut  out  during  working  hours  for  work  thereon, 
and  the  switching  was  in  a  temporary  condition  at  many  places. 
These  circumstances  made  it  difficult  to  handle  trouble  without 
interruption  of  service.  During  the  year  since  the  change  to 
60,000  volts  there  have  been  only  two  shut-downs  out  of  23 
cases  of  trouble,  showing  the  method  of  operation  is  equally 
successful  at  the  increased  voltage. 

The  duplicate  high  voltage  lines  are  known  by  the  names 
light  and  power  lines  respectively,  and  are  divided  into  sec- 
tions known  by  the  names  of  the  principal  stations  toward  which 
they  lead  from  the  junction  point  at  Renton. 


TABLE  I 
SERVICE  INTERRUPTIONS 

Date 

Extent 

Load 
dropped                               Remarks 

1007 
Jan.  2 
9:55  p.111. 

Short 

voltage 

dip 

About  half     Snow  on  outlets  at  transformer  house 
at  Palls  makes  short  circuit  on  power 
line  by  starting  an  arc.     Palls  operator 

opened  power  line  and  cleared  trouble, 
throwing  on  water  rheostats  until  load 
returned. 


Jan.  3  Short  Yoltage 
1:10  a.m.  dip 

April  23  Prolonged  voltage 
4:15  p.m.  dip 


None 


Short  circuit  on  light  line,  burned  clear. 
Cause  unknown. 


Nearly  all  Telephone  wires  blown  into  high- 
tension  wires  near  Seattle  by  high 
wind.     Burned  clear. 


April  24 
6:04  p.m. 

Pour  seconds 
voltage  dip 

SmaU 

June  24 
2:15  p.m. 

Shut  down 

All 

July  23 
8:30  p.m. 

Shut  down 

•All 

August  1 
7:60  p.m. 

Eight  seconds 
voltage  dip 

One-fourth 

Sept.  5 
1:15  p.m. 

Dip  in  voltage 

One-fourth 

Short  circuit  on  system,  cause  un- 
known.    Burned  clear. 

Solid  short  circuit  on  both  lines  holds 
until  lines  are  opened.  Cause  un- 
known. No  trouble  found  when  lines 
are  put  in  again. 

Piece  of  iron  wire  thrown  over  both 
lines  near  Tacoma.  Falls  operator 
pulled  the  short  circuit  30  seconds  on 
each  line  before  shutting  down,  but 
unable  to  burn  clear. 

One-fourth  Arc  started  by  lightning  between  wires 
at  outlets  in  Seattle  substation. 
Burned  clear  by  lowering  voltage. 


Severe  short  circuit  comes  on  light 
line  but  is  burned  clear.  Cause  un- 
known. 
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Table  I — Continued 


Date 


Extent 


Load 
dropped 


Remarkt 


Sept.  11 
12:45  p.m. 

Dip  in  voltage 

Nearly  half 

Oct.  16 
JO.OOa.m. 

Small  voltage  dip 

Small 

1907 
Nov.  22 
2:45  p.ro. 

Shut  down 

All 

Lightning  storm  between  Renton  and 
Tacoma.  Short  circuit  appears  on 
both  lines  but  bums  itself  clear. 

Light  short  circuit  on  power  line  is 
burned  clear.  Caused  by  limb  from 
burning  tree  between  Auburn  and 
Tacoma. 

Wooden  insulator  pins  burned  off  on 
comer  pole  between  Renton  and  Kent 
causing  short  circuit  and  ground  on 
light  line.  Arcing  ground  bums  up 
nearly  two  spans  of  wire  at  XKrin^  of 
break.  Surges  burn  up  multi  gap 
lightning  arresters  in  stations  and 
cause  pins  to  bum  off  at  other  points 
on  lines  where  insulators  were  defec- 
tive. 


Nov.  23         Frequent  successive        About  half      Trouble  develops  from  burned  insulator 
5*6  p.m.  voltage  dips  pins  at  different  pcrints  probably  at 

places  where  insulators  were  cracked 
by  surging  ground  of  Nov.  22.  Pole 
near  Everett  was  set  on  fire  and 
Everett  line  was  out  until  repaired. 
One  wire  of  light  line  in  Seattle  burned 
off  cross  arm  and  came  across  13,000- 
volt  lead  of  S.  E.  Co.  As  Seattle 
power  line  was  cut  out  for  repairs  at 
other  points,  Seattle  was  out  eight 
minutes.  One  transformer  punctured 
at  Seattle.  Palls  line  also  down  from 
burned  off  pins  near  Renton  but  cut 
out  before  causing  damage.and  repairs 
made. 

Dec.  4  Sis  leooad  One-fourth      Short  circuit  appeared  on  light  line  and 

3:30  p.m.  dip  is  burned  clear.     Low  tension  wires 

get  tangled  up  on  pole  in  Auburn  and 
one  of  them  swings  up  over  high-ten- 
sion line  and  is  burned  off.  Caused 
by  high  winds. 


Dec.  23 
4.00  p  m. 


Shut  down 


All  Heavy  wind  storm  blows  limb  of  tree 

into  light  line  near  Isaaquah,  blows 
down  power  line  near  Kent  and  light 
line  near  Auburn,  all  at  same  time 
Last  two  places  were  where  pins  were 
nearly  burnt  off.  Falls  operator  low- 
ered voltage  and  stayed  in  on  each 
line  separately  for  60  seconds,  but  was 
unable  to  clear  trouble.  Station  ran  on 
water  rheostats  until  troubles  were 
located  and  one  line  repaired  through. 
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Extent 


Load 
dropped 


Remarks 


1908 
Jan.  12 
5KX)pan. 


August  3 
9:45  p.m. 


Voltage  dip  About  half      Short  circuit  on  branch  line  to  smelter 

in  Tacoma.  High-tension  fuses  in 
Tacoma  substation  did  not  open  and 
short  circuit  was  pulled  30  seconds  by 
Palls  operator  and  burned  dear. 
Cause  unknown. 


Tree  blown  into  Palls  light  line  one-half 
mile  (0.8  km.)  from  Renton.  Light 
line  opened  and  trouble  cleared. 

Everett  line  dovm  near  Snohomish  due 
to  defective  insulators.  Everett  Une 
opened  and  trouble  cleared. 

Defective  insulators  on  line  to  Tacoma 
lets  wires  down  on  cross  arm.  Cross 
arm  burned  off,  clearing  trouble. 

Short  circuit  and  ground  on  i>ower  line 
due  to  defective  pole  switch  at 
Seattle.  Seattle  operator  knew  loca- 
tion of  trouble  and  cleared  it  by  open- 
ing high-tension  line  oU  switch. 


Small  500  kw.    transformer  burned   out   at 

Lewis  St  Wiley'  pumping  station. 
Qeared  by  high-tension  fuse  in  sub- 
station. 


April  24 
3:50  aan. 

Ten  seconds 
voltage  dip 

Small 

April  24 
4:20  ajn. 

Short  voltage  dip 

Small 

May  2 

1:50  p.m. 

Short  volUge  dip 

Small 

July  2 
3:15  p.m. 

Ten  second 
voltage  dip 

One-fourth 

Short  voltage  dip 


Oct.  22 
4:32  a.m. 


1909 
Jan.  3 
8:10  p.m. 


Jan.  19 
2:30  p.m. 


Match  20 
5:00  a.m. 


April  4 
8:45  p.n 


Voltage  dip 


Short  voltage  dip 


Shut  down 


Nearly  half 


Small 


All 


Short  voltage  dip 


Small 


Long  voltage  dip  One-fourth 


Short  circuit  on  line  to  dredger  in 
Tacoma  harbor  cleared  by  high-ten- 
sion fuse.  Caused  by  salt  water  fog 
where  line  runs  about  30  ft.  (9.14  m.) 
from  surface  of  water,  and  spacing  be- 
tween wires  only  3}  ft.  (8.9  cm.) 

Short  circuit  on  Tacoma  dredger  line. 
Cleared  by  high-tension  fuses.  Caused 
by  salt  fog. 

Line  to  Tacoma  smelter  was  connected 
to  both  light  and  power  lines  at 
Tacoma  substation  when  a  land  slide 
carried  away  several  spans.  Palls 
operator  lowered  voltage  and  kept 
each  line  in  30  seconds  before  opening. 

500-kw.  transformer  burned  out  at 
Lewis  ft  Wiley  pumping  plant. 
Cleared  by  high-tension  fuse  in  sub- 
station. 

Severe  short  circuit  on  Tacoma  dredger 
line  holds  until  voltage  is  lowered. 
Probably  from  salt  fog. 


Digitized  by  VjOOQIC 


1058 


CRAWFORD:  TRANSMISSION  SYSTEMS       [April  27 


Tablb  I — Continued 


Date 


Extent 


Load 
dropped 


Remarks 


April  29 
8:20  a.m. 


May  10 
ll:25a.ni. 


July  2 
5:15  p.m. 


Voltage  dip  Nearly  half     Transformer  burned  out  and  grounded 

on  Tacoma  smelter  line.  Discharges 
lightning  arresters  in  Seattle  and  Ta- 
coma substations. 

Shut  down  All  Burning  tree  falls  into  Tacoma  power 

line  near  Auburn,  breaking  down  four 
spans  of  line,  causing  arcing  ground 
that  results  in  puncture  of  No.  1  gen- 
erator armature.  Lines  opened  until 
defective  generator  could  be  cut  out 
and  load  picked  up  on  rest  of  station. 

Shut  down  All  While  Tacoma  power  line  was  cut  out 

for  work  thereon,  light  line  was  con- 
nected to  both  Palls  lines  and  a  tree 
was  blown  into  the  light  line  near 
Aubum.  making  a  short  circuit  and 
ground  which  would  not  bum  dear. 
Both  lines  had  to  be  opened  until  de- 
fective line  could  be  switched  out  at 
Renton. 


July  3 
12:35  a.m. 


July  15 
10:30  a.m. 


August  2 
12:15  p.m. 


Heavy  voltage  dip 


Voltage  dip 


Sixty  seconds 
voltage  dip 


Small  Short   circuit   on   power  line   burned 

clear.  Linemen  repairing  break  oi 
July  2nd  on  a  dark  night  left  tele- 
phone wire  across  line,  and  when  line 
is  switched  in  at  Renton  telephone 
wire  is  fused. 

Half  Short  circuit  on  light  line  near  Seattle, 

cause  unknown.  Light  line  opened, 
clearing  trouble. 

Over  half  Falls  line  cut  out  for  linemen  to  work 
on  about  3  miles  (4.8  km.)  from 
Renton.  A  solid  short  circuit  and 
ground  put  on  wires  where  they  were 
working  with  a  piece  of  i-in.  (6.35 
mm.)  steel  mast  arm  rope,  as  a  safety 
precaution.  By  mistake  line  was  re- 
ported clear  and  switched  in  at 
Renton  end  with  short  circuit  still  on 
and  Renton  multijde  switch  closed 
solid.  Palls  operator  lowered  voltage 
and  pulled  the  short  circuit  by  way  of 
light  line  and  Renton  multiple  switch. 
In  about  60  seconds  the  i-in.  (6.35- 
mm.)  steel  rope  was  fused  clear  of  the 
line,  and  water  rheostats  were  thrown 
on  generator  bus. 


August  16  Shut  down  All  Steam  shovel  gets  into  line  at  Seattle. 

5:20  p.m.  letting  down  two  spans  and  causing 

arcing  ground  and  short  circuit  that 
punctures  two  transformers  and  No.  5 
generator  at  Palls.  Station  shut  down 
until  defective  apparatus  could  be 
cut  out. 


Digitized  by  VjOOQIC 


191 1)  CRA  WFORD:  TRA  NS MISSION  S  YSTEMS 

Tablb  I — Continued 


1050 


Date 


Bzteni 


Load 
dropped 


Remarki 


AQCust26 
2:50  p.ffl. 

Short  voltaee.^ip 

Small 

Sept.  4 
2-^35  p.m. 

Voltage  dip 

Everett    only 

Sept.  13 
12:16  p.m. 

Voltage  dip 

Everett  only 

Sept.  16 
3:20  p.m. 

Shut  down 

All 

Sept.  24 
7H)0  p.m. 


Nov.  18 
1  ■30  p.m. 


Shut  down 


All 


Sept.  26 
7:12  p.m. 

Voltage  dip 

Everett  only 

Sept.  27 
2:40  p.m. 

Voltage  dip 

Small 

Sept.  30 
8K)5  p.m. 

Heavy  voltage  dip 

One-fourth 

Oct.  31 
10:36  a.m. 

Shut  down 

AU 

No  ihut-down 
of  system 


Short  circuit  in  600-kw.  transformer 
at  Lewis  ft  Wiley's  pumping  plant. 
Cleared  by  high-tension  fuse  in  sub- 
station. 

Short  circuit  on  Everett  line  cause  un- 
known. Cleared  by  high-tension  fuse 
on  Everett  line. 

Short  circuit  on  Everett  line  caused  by 
blasting  stump  into  line.  Cleared  by 
fuses  on  Everett  line. 

Seattle  light  line  short  circuit  and 
grounded  by  blasting  stumps  near 
Seattle.  Arcing  ground  punctures 
No.  3  generator  armature  and  station 
is  shut  down. 

Pile  driver  knocks  down  long  span  in 
Everett  line  across  Snohomish  River. 
Puses  blow  on  Everett  line  and  start 
arc  across  wires  short  circuiting  high 
tension  bus  in  transformer  house  at 
Palls;  station  shut  down  until  bus 
could  be  cleared. 


Everett  only  Short  circuit  on  Everett  line  cleared  by 
fuses.  Pile  driver  strikes  line  at 
Snohomish. 

Pole  switch  at  Puyallup  does  not  dose 
properly  and  starts  arc  across  wires 
when  opened.  Burned  clear  by  lower- 
ing voltage. 


800-kw.  transformer  burned  out  at 
South  Tacoma  pumping  station. 
Cleared  by  fuses  in  substation. 

Light  line  cut  out  for  work  thereon 
when  i>ower  line  was  torn  down  by 
blasting  stumps  near  Kent.  Palls 
operator  was  unable  to  bum  the 
trouble  off  and  cut  both  lines  out 
until  Ren  ton  switched  clear  of  the 
trouble. 

Ploods  and  high  winds  washed  out  12 
poles  carrying  both  light  and  power 
lines  near  Tacoma,  and  they  were 
blown  over.  Trouble  reported  and 
lines  opened  before  they  went  down 
Wires  not  broken  and  poles  were 
pulled  up  clear  of  the  ground  and 
lines  cut  in 


Half 
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Uad 
dropped 


Remarks 


Nov.  25  Shut  down 

9KX)  a.m. 


All  Flood   washes  out  Everett  Une  near 

Snohomish.  Wires  and  switching  in 
temi>orary  condition  at  PaUa  during 
change  to  60.000  volts,  and  unable 
to  dear  without  shut  down. 


Dec.  6 


SYSTEM  CHANGED  PROM  30,000 
TO  80,000  VOLTS  WITHOUT  IN. 
TERRUPTION  OP  SERVICE. 


Dec.  6  Heavy  voltage  dip 

10:28  p.m. 


Over  half  Limb  ot  tree  blown  into  light  line  2} 
miles  (4  km.)  from  Palls  breaking 
wires  and  causing  short  circuit  and  arc- 
ing ground  Electrolytic  lightning 
arresters  discharged  taking  heavy 
surges  off  of  line.  .  Light  line  opened 
by  operator  clearing  trouble;  water 
rheostats  thrown  on  until  load  re- 
turned. 


Dec.  20  Voltage  dip 

10:15  a.m. 


Small  Pole   switch   arced   across   at    Renton 

when  opening  Tacoma  light  line. 
Switch  closed  again  and  dip  of 
voltage  breaks  arc. 


Dec.  27  Heavy  voltage  dip 

3:10  p.m. 


One-fourth  Short  circuit  on  Everett  line  cleared 
by  opening  line  switch  at  Palls. 
Caused  by  blasting  stump  into  line 
a  few  miles  from  the  Palls,  breaking 
wires. 


Jan.  25  Voltage  dip  Nearly  half      Severe  short  circuit  cleared  by  opening 

8:07  p.m.  light    line.        Multii^e    switches    at 

Seattle  and  Tacoma  drop  out. 
Trouble  caused  by  high  wind  blowing 
over  a  comer  pole  near  Kent,  the  Une 
falling  into  a  lead  of  telephone  wires. 
Telephone  system  damaged  but 
slightly. 


April  16       Slight  voltage  dip  and 
12:25  p.m.      swinging  of  ground 
detector 


None  Ground  appears  on  system  but  bums 

clear  in  a  few  seconds.  Caused  by 
blasting  stumps  300  ft.  (01.44  m.) 
from  line  near  Milton.  Large  rock 
breaks  one  wire  of  line  and  it  falls  to 
ground  burning  off  clear  at  Palls  end. 
Trouble  located  and  line  cut  out  and 
repaired. 


April  24 
0K)6  a.m. 


Voltage  dip 


Small  Pole  switch  on  Tacoma  light  line  arced 

across  at  Renton  when  opening 
charging  current  of  line  with  blades 
set  too  close.  Cleared  by  openign 
light  Une  at  Palls. 
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Date 


Kztcnt 


dropped 


Remarks 


May  23  Voltace  dip 

8:15  p  jn. 


Small  Light  short  circuit  boms  clear  at  onoe. 

Tree  fell  across  light  line  near  Renton 
but  did  not  break  wires.  Renton 
operator  notified  of  trouble  and  opens 
line  at  Renton. 


June  12  Slight  voltage  dip  Small 

11:35  p.m. 


Surge  appears  on  Ught  line  and  ground 
detector,  clearing  immediately.  Trans- 
formers at  South  Taooma  pumping 
station  burned  out.  Trouble  cleared 
by  high-tension  fuse  in  substation. 
This  substation  owned  and  operated 
by  consumer. 


July  16  Prolonged  Over  half       Pole  switch   at   Renton   arced   across 

0:15  a.m.  voltage  dip  when  opening  charging  current  of  line  | 

with  blades  set  too  dose.  Short  cir- 
cuit appears  on  both  lines  and  Palls 
operator  opened  light  line.  As  this 
did  not  clear  trouble,  light  line  was 
closed  again  and  i>ower  line  opened 
clearing  trouble. 


July  26  Heavy  voltage  dip  Half 

8:10  a.m. 


Short  circuit  appears  on  Everett  lin« 
and  is  burned  clear.     Cause  unknown. 


Jaly  26  Shut  down  All 

9:45  aon. 


Tree  blew  across  Bverett  line  breaking 
wires  down.  Remote  control  handles 
for  line  switches  were  in  a  temporary 
location  at  one  side  of  switchboard 
while  some  new  panels  were  being  put 
into  i>osition.  Operator  made  mis- 
take in  switching  and  had  to  open  all 
lines  and  throw  on  rheostats  until 
generators  could  be  controlled. 


August  22       Slight  voltage  dip  SmaU 

1:35  pjn. 


Ground  appears  on  light  line,  discharg- 
ing electroljrtic  Ughtning  arresters. 
Bums  itself  dear.    Cause  unknown. 


August  26      Slight  voltage  dip  None 

6:35  pjn. 


Ground    develops    and    clears    itself. 
Cause  unknown. 


8ept.  3  Vdltage  dip 

11:15  a  A. 


Half  Telephone  wires  pulled  across  i>ower 

line  in  Seattle  by  careless  lineman. 
Power  line  opened  by  operator  and 
trouble  cleared.  Half  of  load  dropped 
as  Tacoma  was  running  on  power  line 
with  light  line  cut  out  temporarily. 
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Date 


Extent 


Load 
dropped 


Remarlu 


Sept.  7  Voltage  dip  One-fourth      Short  circuit  on  Everett  line  from  un- 

llK)6a.m.  known  cause.     Trouble  clears  when 

Everett  line  is  cleared. 


Oct.  4 
11:25  p.m. 


Shut  down 


All  Comer  pole  cut  down  with  an  axe  near 

Tacoma,  both  light  and  power  lines 
falling  across  county  road  and  tele- 
phone lead.  Palls  operator  unable  to 
bum  dear  and  both  lines  left  out 
until  defective  section  could  be 
opened.  Telephone  Company's  sys- 
tem not  damaged  severely. 


Oct.  6 
11:16  a.m. 

Oct.  17 
3:1£  a.m. 


Voltage  dip 
Voltage  dip 


Small  Short  circuit  on  light  line  burns  itself 

clear.     Cause  unknown. 


Small  Short     circuit     cleared     by     opening 

Everett  line.  Stump  blasted  into 
line  by  contractor  building  new  rail- 
road near  line. 


Oct.  30 
llK)3a.m. 


Heavy  voltage  dip  Over  half 


Short  circuit  appears  on  both  lines  but 
burns  itself  clear.    Cause  unknown. 


Nov.  4 
6:40  p.m. 


Two  successive 
voltage  dips 


One-fourth 


Stump     blasted     into 
Trouble  burned  clear. 


Everett     line. 


Nov.  26  Voltage  dip  One-fourth      Short  circuit  appears  and  is  burned 

SKVS  p.m.  dear  in  a  few  seconds.     Caused  by 

blasting  piece  of  stump  into  Everett 

line. 

Dec.  6  Three  severe  Half  Malidous  persons,  throw  piece  of  half- 

7K)0  p.m.  voltage  dips  inch  (12.7  mm.)  steel  cable  over  both 

light  and  power  lines  about  three 
miles  (4.82  km.)  from  Renton  on 
Seattle  lines.  Sted  cable  was  burned 
in  two  and  trouble  deared  on  power 
line  although  line  wires  were  badly 
scarred.  On  light  line  one  line  wire 
was  burned  in  two*  fell  to  ground  and 
burned  off  dear  of  ground  on  Ptils 
side.  Palls  operator  did  not  open  any 
lines,  as  short  drcuit  appeared  the 
same  on  each  and  was  burned  clear. 

Dec.  11  Voltage  dip  Small  Defective  insulator  on  pole  switch  at 

12:1^  a.m«  Seattle  punctures  and  starts  arc  to 

ground.  Electrolytic  lightning  ar- 
resters flash  over,  taking  surge  to 
ground  and  trouble  bums  itsdf  dear. 
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TABLB  II 
SUMMARY  OP  SERVICE  INTERRUPTIONS  1W7-S-9-10 


Voltage  dipt 


Shut 
downs 


Dropping 
half 
load 


Dropping 

one-fourth 

load 


Total 


i  1.  Defective   line  conitruction.   failure 
of  switches,  insulators,  etc .... 

2.  Failure  in  transformers 

3.  Maliciotis       interference,       blasting 

stumps,  etc 

4.  Winds,   fires,  floods,  fogs,  etc 

5.  Lightning 

6.  Mistakes  by  employees 

7.  Unknown 

Totals : -. 


1 
0 

6 
6 
0 
0 

1 
14 


2 

1 

1 
6 

I 

2 

4 

17 


7 
5 

7 
6 
1 
1 
8 
85 


10 
6 

14 
18 
2 
3 
13 
M 


Note. — Of  the  fourteen  cases  of  shut  down,  seven  occurred  during  the  half  of  1009  when 
the  system  was  running  on  one  line  dtiring  working  hours  to  permit  reconstruction  for 
60.000  volts.  During  the  other  3i  years  the  average  was  two  cases  of  shut  down  per 
year. 

Discussion  of  Results 

Before  discussing  the  above  results,  a  definition  of  continuous 
service  is  necessary.  In  cases  where  only  a  voltage  dip  is 
shown,  the  bus  voltage  of  115  volts  dipped  down  to  some  value 
between  40  and  90  volts  for  a  few  seconds  and  then  returned  to 
normal.  To  the  lighting  consumer  this  is  not  objectionable  if  it 
does  not  occur  too  frequently.  To  the  small  power  consumer, 
such  as  shops  and  industries  using  motors  in  small  units,  gen- 
erally speaking  it  is  not  a  serious  inconvenience,  as  the  motors 
will  often  come  back  up  to  speed  and  will  at  most  only  require 
restarting.  In  the  case  of  very  large  power  units,  they  will 
usually  stay  in  on  the  line  unless  they  are  heavily  loaded  or  the 
dip  is  too  prolonged. 

The  500-kw.  synchronous  converters  on  the  system  almost 
always  stay  in  and  are  not  cut  off  until  the  current  goes  clear 
off  the  line.  On  the  other  hand  if  the  voltage  dip  is  very  sudden 
in  its  return  to  normal,  as  where  a  short  circuit  is  opened  at  its 
maximum  and  a  Tirrill  regulator  has  held  up  the  generator 


Digitized  by  VjOOQIC 


1064 


CRAWFORD:  TRANSMISSION  SYSTEMS      [April  27 


voltage,  large  synchronous  machines  are  much  more  apt  to  be 
thrown  out.  In  the  above  table  there  are  52  cases  where  the 
voltage  dipped  but  the  system  was  not  shut  down,  and  in  only 
17  of  these  cases  was  the  dip  sufficiently  prolonged  to  lose  any 
considerable  amount  of  load.  In  the  other  cases  practically  all 
the  large  motors  stayed  on  the  line.  It  seems  reasonable  then 
to  conclude  that  moderate  voltage  dips  of  short  diu-ation  do  not 
constitute  an  interruption  worth  considering. 

In  cases  where  the  voltage  gets  to  a  very  low  value  and 
does  not  retvmi  to  normal  for  ten  seconds  or  more,  the  most  of 
the  power  load  will  be  dropped,  but  the  lighting  load  will  be 
returned.  The  power  consumer  is  then  put  to  the  inconvenience 
of  stopping  work  long  enough  to  start  up  his  motors  again. 
The  railway  station  operator  must  synchronize  his  converting 
units'again,  but  if^the  drip  is  not  over  thirty  seconds  they  should 


Porcelain  insulator  and'[iron  pin  used  on  30,000- volt  line 

still  have  considerable  speed  and  this  should  only  be  a  few 
minutes  work,  which  is  not  a  hardship  to  railway  service. 
Some  power  installations  will  suffer  great  inconvenience,  such 
as  for  instance  an  ammonia  compressing  outfit,  and  also  some 
electrolytic  processes,  where  even  a  momentary  shut  down  will 
cause  heavy  loss.  However,  such  consumers  will  only  form  a 
small  percentage  of  the  average  power  company's  business,  and 
any  expensive  equipment  to  insiu-e  them  absolutely  continuous 
service  should  be  a  part  of  their  own  installation. 

In  cases  where  power  goes  completely  off,  all  load  is  dropped 
and  all  consumers  suffer  maximum  of  inconvenience  until  service 
is  resumed.  The  gross  income  of  the  power  company  practi- 
cally ceases  and  the  operating  expenses  continue,  besides  the 
loss  in  good  will  which  can  not  be  measured.  If  service  is  re- 
§umecl  within  five  minutes,  the  average  consumer  will  not  suffer 
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serious  loss,  but  where  the  shut  down  extends  over  thirty 
minutes  or  an  hotu*  the  financial  loss  ard  inconvenience  is  very 
considerable  to  all  parties  concerned.  We  may  then  conclude 
that  prolonged  voltage  dips  are  an  inconvenience  but  if  of  infre- 
quent occurrence  are  not  serious  menaces  to  satisfactory  service, 
whereas  complete  shut-downs  cause  heavy  loss.  Speaking  from 
the  average  consumers  viewpoint,  commercially  continuous 
service  may  include  infrequent  voltage  dips  and  very  rare  shut- 
downs of  periods  never  exceeding  five  minutes. 

Causes  of  Troubles.     The  first  two  causes  in  Table  II  are  de- 


30,000-volt  entrance  construction 

fective  construction  and  apparatus,  and  burn-outs  of  machinery. 
By  testing  all  line  insulators  for  a  voltage  a  little  over  twice 
normal  and  carefully  testing  all  machinery  winding  before  in- 
stallation the  entire  system  may  be  made  to  withstand  double 
normal  voltage  for  several  minutes  without  failure  of  insulation. 
This  means  that  transient  voltages  considerably  in  excess  of 
double  normal  voltage  can  be  withstood,  as  brought  out  by 
Steinmetz  and  Hay  den  in  a  paper  before  the  A.I.E.E.  in  June, 
1910.  By  installing  protective  apparatus  such  as  air  relief 
gaps  which  are  set  to  break  down  at  double  voltage  and  which 
have  a  time  lag  mucJj  Igw^r  than  that  of  the  insulation  of  the 
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system,  practically  all  destructive  surges  can  be  taken  off  the 
system.  This  may  be  done  by  installing  electrolytic  lightning 
arresters  at  the  entrance  to  all  important  stations.  If  lightning 
becomes  so  troublesome  as  to  shatter  insulators  on  the  line  where 
it  strikes  at  some  distance  from  an  arrester,  relief  gaps  may  be 
installed  at  each  insulator  if  necessary,  by  means  of  arcing  rings 
as  described  by  Nicholson  in  a  paper  before  the  A.I.E.E., 


H 


1^ 


Pole-top  construction  at 
square  turns. 
(60,000  volts) 


Pole- top  construction  where  two  lines 
are  on  the  same  pole,  showing  guard 
wires  over  railroad.     (60,000  volts) 


March  30,  1910.  In  this  plant,  however,  Ughtning  strokes  on 
the  line  are  very  rare,  and  by  using  wood  poles  and  cross  arms, 
an  entire  pole  may  be  burned  down  without  interrupting  service 
if  the  wires  are  not  broken.  The  first  two  causes  of  trouble  and 
also  the  sixth  can  thus  be  reduced  to  a  minimum  by  properly 
testing  the  insulation  of  apparatus  and  the  installation  of /pro- 
tective apparatus. 

Blasting  stumps  is  a  source  of  much  annoyance  in  this  section 
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of  the  country,  and  can  best  be  handled  by  a  campaign  of  pub- 
licity. The  patrolman  on  each  section  of  the  line  should  make 
it  his  business  to  become  personally  acquainted  with  all  the 
ranchers  enroute  and  keep  his  eye  open  for  all  evidences  of 
preparation  for  clearing  land,  and  when  he  sees  blasting  is  to  be 
done  call  attention  to  the  notices  of  warning  kept  on  each  pole, 
and  show  every  desire  to  cooperate  with  the  parties  concerned 
and  have  the  line  killed  before  blasting  is  done.  Deliberate  inter- 
ference should  be  prosecuted 
vigorously  by  arrest  and  fine 
where  possible. 


Pole- top  construction  on  main 
lines.     (60,000  volts) 


Entrance  tubes  at  substations. 
(60,000  volts) 


Troubles  from  winds,  fires,  floods,  etc.,  can  be  mitigated  by 
using  a  very  large  factor  of  safety  in  the  mechanical  construc- 
tion of  the  line,  and  by  putting  the  high  tension  wires  at  a  good 
height  above  all  telephone  and  other  wires  easily  broken.  vStruc- 
tures  in  soft  soil  should  be  set  solidly  in  rock  boxes  and  well 
braced,  lines  taken  via  separate  routes  whenever  possible,  and 
always  on  separate  pole  lines.  All  large  trees  that  can  blow  into 
the  line  should  be  bought  and  cut  down,  and  the  brush  kept 
closely  cut  on  the  right  of  way. 

Mistakes  of  employees  can  be  reduced  by  providing  them  with 
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definite  written  instructions  on  their  duties  and  course  of  action 
under  various  conditions  and  by  providing  them  with  the  best 
working  equipment.  Station  operators  in  a  plant  emplojring 
non-automatic  operation  are  very  important  units  in  the  system; 
a  little  welfare  work  and  good  pay  to  good  men,  and  in  fact  any- 
thing that  will  make  them  take  interest  in  their  work  and  pride 
in  good  results  will  prove  an  excellent  investment. 

Results  of  Method  of  Operation,     The  standard  practice  in  the 


Malleable  cast  iron  pins.  Cross- 
arm  pin  fits  IJ-in.  hole  in  old 
crossarms.  T-headed  bolt 
slips  into  a  seat  on  a  shoulder 
cast  on  inside  of  shank  at 
bottom,  and  is  tightened  up 
under  cross-arm.  Weights 
3}  and  7  lb.  Ultimate 
strength  1800  lb.  at  line 
wire.     (60,000  volts) 


J 

^ 

Standard  pole  switch. 
(60,000  volts) 


operation  of  duplicate  transmission  lines  is  to  install  automatic 
overload  relays  and  circuit  breakers  on  each  Jine  at  the  gen- 
erating station,  and  reverse  current  relays  with  automatic  circuit 
breakers  at  the  substation.  Even  with  complicated  systems  this 
idea  may  be  carried  out  so  that  theoretically  a  short  circuit 
anywhere  on  the  system  will  automatically  be  cleared  and  the 
defective  line  cut  out.     The  experience  of  this  company  has 
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been  that  practically  better  results  can  be  obtained  by  placing 
the  control  of  the  high-tension  lines  in  the  hands  of  a  carefully 
trained  operator.  From  the  operation  of  this  system  it  is  be- 
lieved that  the  non-automatic  method  of  operation  is  less  apt 
to  produce  destructive  oscillations  when  a  short  circuit  is  being 
cleared  from  the  system.  Taking  for  instance  a  case  where  a 
piece  of  iron  wire  is  thrown  across  the  line.  There  being  no 
automatic  regulation  except  slowly  acting  water  wheel  govern- 
ors, the  speed  and  voltage  of  the  generating  units  dip  severely. 
The  operator  encourages  this  and  blocks  the  action  of  the 
governors,  feeding  the  short  circuit  at  the  reduced  voltage.  The 
low-frequency  high-power  surge  first  set  up  by  the  short  circuit 


Switching  and  lightning  arresters  at  Snoqualmie  Falls 

may  thus  be  reduced  in  intensity,  being  also  dissipated  by  the 
resistance  and  cushioned  by  the  reactance  of  the  line,  and  the 
station  is  then  simply  running  on  a  severe  overload  for  a  few 
seconds.  If  it  is  apparent  which  line  is  short  circuited,  it  may 
then  be  opened  with  safety.  If  on  the  other  hand  the  voltage 
and  speed  are  automatically  held  up  as  far  as  possible  by  Tirrill 
regulators  and  governors,  and  the  surge  is  ruptured  at  a  point 
other  than  zero  in  the  wave,  a  destructive  potential  will  result 
which  may  cause  damage. 

In  the  case  of  an  arcing  ground  a  more  severe  condition  exists 
than  in  a  short  circuit,  as  in  cases  where  one  line  wire  is  whipping 
around  on  the  ground,  making  and  breaking  contact.     In  this 
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system  where  the  neutral  is  ungrounded  severely  unbalanced 
strains  may  be  produced  in  this  way,  as  is  shown  by  the  punc- 
turing of  generator  and  transformer  windings  in  such  cases. 
An  arcing  ground  was  not  always  visible  on  the  line  ammeter, 
and  an  electrostatic  ground  detector  was  installed  on  the  gen- 
erating bus.  This  indicates  promptly  all  high-tension  grounds, 
and  the  telephone  circuit  along  the  same  poles  is  an  instantaneous 
indicator  sho^^dng  which  line  is  grounded.  Grounded  lines  are 
cut  out  without  attempting  to  bum  clear,  and  the  installation 
of  electrolytic  arresters  on  the  lines,  transformers  with  rein- 
forced insulation  on  the  end  coils  and  static  relief  gaps  on  the 
generating  bus  bars  has  given  entire  freedom  from  trouble  from 
g^rcing  grounds,  as  shown  by  the  absence  of  failures  of  insulation 
since  the  installation  of  the  new  equipment  in  1909. 


Showing  type  of  tie  used  and  60,000-volt  insulator.     4/0  seven-strand 
aluminum  cable  with  No.  2  tie  wire 

Since  the  change  to  60,000  volts  it  has  been  the  practice  to 
open  the  defective  line  if  it  does  not  bum  clear  in  about  five 
to  eight  seconds  instead  of  holding  for  thirty  seconds.  By  the 
installation  of  a  Tirrill  regulator  with  a  special  relay  for  lowering 
the  voltage  during  a  short  circuit  the  operator  does  not  have 
to  look  after  the  voltage,  and  with  accurately  reading  dead- 
beat  line  ammeters  he  is  able  to  see  the  situation  inside  of  five 
seconds.  This  equipment  has  been  recently  installed.  The 
switches  for  multiple  connections  now  installed  on  the  low-ten- 
sion side  at  substations  work  instantly  instead  of  in  the  slow 
uncertain  manner  of  the  old  30,000-volt  fuses  used  for  this 
purpose,  so  that  much  better  performance  can  be  expected  in 
handling  short  circuits  in  the  future. 
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This  method  of  operation  is  applicable  to  a  system  of  several 
generating  stations,  by  giving  each  generating  station  a  certain 
amount  of  transmission  system,  and  then  using  instantaneous 
automatic  circuit  breakers  at  the  x>oint  of  connection.  These 
circuit  breakers  can  be  set  to  carry  the  full  value  of  interchange 
current  so  that  the  plants  can  be  operated  in  parallel  and  with 
any  desired  sharing  of  load;  but  when  a  short  circuit  comes  on 
the  line,  that  line  and  its  generating  station  will  immediately 
be  separated  from  the  rest  of  the  system  and  can  clear  its  own 
trouble.  Mr.  Downing's  paper  before  the  San  Francisco  meet- 
ing in  May,  1910  on  the  *'  High  Tension  Network  of  a  General 
Power  System  "  describes  a  system  operated  in  this  way. 

It  is  apparent  from  this  paper  that  there  are  a  number  of 
feattu'es  which  an  engineer  could  employ  in  building  a  new  line 
that  would  prevent  many  interruptions,  such  as  stringing  the 
lines  at  a  greater  height  and  supporting  them  on  strong  struc- 
tures along  private  right-of-way,  to  avoid  interference.  The 
desirability  of  continuous  service  depends  on  the  character  of  the 
power  business  served,  and  a  balance  may  be  struck  at  a  point 
where  further  investment  to  secure  greater  reliability .  may  not 
be  warranted. 
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Discussion  on  **  Continuity  of  Service  in  Transmission 
Systems."    Los  Angeles,  Cal.,  April  27,  1911. 

R.  J.  C.  Wood:  The  first  thing  that  attracted  my  attention 
was  that  the  substation  in  which  the  line  ended  was  solidly 
connected.  It  might  be  that  interruptions  could  be  made 
still  shorter  if  each  substation  could  be  connected  onto  either 
end  of  the  light  or  power  lines,  imless  of  course,  the  steam 
plants  which  the  author  mentions  as  being  on  the  other  end  of 
the  line,  are  kept  in  operation  at  all  times,  ready  to  pick  up  the 
load. 

It  is  stated  that  an  open  short  circuit  taking  place  on  the  line 
is  opened  in  a  few  seconds  if  it  does  not  clear  itself.  This 
would  seem  to  allow  the  possibility  of  burning  the  line  in  two. 
The  more  general  practice,  I  believe,  among  the  companies 
here  is  to  drop  the  voltage  as  soon  as  possible  and  clear  the 
short  circuit. 

It  would  also  seem  that  the  method  of  cutting  in  on  the  line 
every  30  sec.  might  be  very  severe  on  the  generators  and  trans- 
formers. 

With  reference  to  the  number  of  patrolmen,  it  states  there  are 
eight  patrolmen  and  there  are  106  miles  of  territory  covered. 
That  is  not  counting  the  lines  twice  over,  for  there  is  a  double 
length  of  about  164  miles.  I  would  like  to  ask  the  author  if 
each  man  works  by  himself  or  both  together.  If  each  man  works 
by  himself  it  would  mean  he  only  had  about  20  miles  to  look 
after. 

There  are  several  references  in  the  latter  portion  of  the  paper 
in  regard  to  electrolytic  lightning  arresters,  and  it  would  be 
interesting  to  know  if  they  have  met  with  universal  success. 

Reverting  to  the  matter  of  testing  lines  to  find  out  which  sec- 
tion is  in  trouble,  I  would  like  to  know  whether  the  author  plugs 
the  line  right  in  on  the  bus,  or  whether  he  separates  the  generator 
bus  and  then  tests  the  thing  out  easily,  bringing  it  up  from  a 
local  tension. 

I  didn't  notice  any  reference  to  the  size  of  insulators.  They 
^look  to  me  like  14-in.  insulators. 

P.  M.  Downing:  It  is  very  gratifying  to  have  a  paper  of  this 
kind  presented  and  have  someone  come  forward  with  data  giving 
the  number  of  interruptions  that  have  occurred  on  a  system  of 
this  kind  to  be  honest  enough  to  give  the  cause  of  the  interrup- 
tions. 

I  note  in  the  data  given  that  but  few,  if  any  of  the  failures, 
are  attributed  to  poles  or  crossarms  burning  as  a  result  of  leakage 
over  the  insulators.  I  infer  that  a  majority  of  these  failures 
are  the  result  of  lightning  discharges  or  from  high  voltage  dis- 
turbances. Whether  or  not  any  part  of  them  could  have  been 
prevented  by  the  use  of  electrolytic  lightning  arresters  is  a 
matter  of  conjecture.  To  one  having  to  do  with  the  operation 
of  long  high  voltage  lines  this  arrester  is  a  very  interesting  piece 
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of  apparatus.  On  the  system  with  which  I  am  connected  we  have 
never  installed  any  of  them  on  the  high  voltage  lines,  their  use 
being  limited  to  the  low  voltage  cable  systems.  Some  trans- 
mission companies  have  installed  them  but  from  all  of  the  data 
that  is  available  they  seem  to  be  still  in  the  experimental  stage. 
My  own  personal  experience  with  arresters  is  somewhat  limited. 
In  the  central  part  of  California  the  only  type  used  is  the  horn 
type,  their  installation  generally  being  limited  to  the  generating 
important  switching  centers.  Lightning  itself  strikes  the  lines 
occasionally  but  the  result  is  seldom  serious.  It  may  strike  the 
line  between  poles  and  bum  one  or  more  wires  entirely  off 
without  effecting  in  any  way  the  insulators,  pins  or  poles  ad- 
jacent to  where  it  would  strike.  During  the  past  winter  we  had 
two  occurrences  of  this  kind  where  it  struck  the  line  and  btimed 
off  two  wires  in  each  instance.  In  neither  case  were  the  insula- 
tors damaged  and  we  would  probably  not  have  known  what 
caused  the  trouble  had  we  not  found  where  the  lightning  had 
gone  to  earth  through  several  poles  near  where  the  trouble 
occurred.  This  would  bear  out  the  truth  of  the  theory  that  dis- 
turbances of  this  kind  were  local  in  character  and  the  high 
voltage  would  not  extend  any  distance  over  the  line.  This 
being  the  case,  there  is  a  question  in  my  mind  as  to  whether 
or  not  any  type  of  arresters  unless  located  at  a  great  many 
points  along  the  line  will  entirely  eliminate  the  troubles  due  to 
high  voltage  conditions  of  this  kind  which  are  known  to  come 
up  occasionally. 

I  note  that  comparatively  a  few  automatic  switching  devices 
are  used  but  that  fuses  are  substituted  at  the  substations. 

A  fuse  is  all  right  in  its  proper  place.  It  will  work  satisfac- 
torily on  small  transformer  installations  but  for  the  larger  sizes 
you  need  something  more  substantial  than  a  fuse.  At  one  time 
it  was  common  practice  to  use  fuses  on  transformer  installations 
up  to  3000  kw.  but  these  are  being  rapidly  superseded  by  auto- 
matic oil  switches. 

There  is  one  piece  of  apparatus  which  the  manufacturers  have 
not  made  as  great  progress  in  the  development  of  as  they  have  in 
other  lines  of  apparatus.  I  refer  to  the  reverse  current  relay. 
There  are  several  types  of  apparatus  of  this  kind  on  the  market 
but  in  almost  every  instance  they  become  inoperative  when  the 
voltage  drops  below  a  certain  point.  Where  you  have  a  net- 
work fed  from  a  number  of  different  points  interconnected  in  a 
great  many  different  ways  you  want  something  that  will  auto- 
matically cut  out  a  line  on  which  there  is  trouble  before  the 
entire  network  is  effected.  Having  two  long  parallel  lines  tied 
together  at  both  ends  trouble  might  occur  on  either  line  which 
would  make  it  desirable  to  cut  out  the  defective  line  at  the  re- 
ceiving end  leaving  load  on  the  good  line.  If  the  lines  are  long 
and  trouble  serious  the  voltage  at  the  receiving  end  will  very 
often  drop  so  low  that  the  reverse  current  relays  will  not  operate. 
The  result  of  this  failure  to  operate  is  too  often  a  complete 
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momentary  shutdown  until  the  switching  is  done  by  hand  control. 

The  simplest  and  perhaps  as  reliable  a  reverse  current  indica- 
tor as  can  be  had  is  the  ordinary  induction  wattmeter.  I  have 
used  these  to  fairly  good  advantage  both  to  determine  the  loca- 
tion of  trouble  and  also  as  reverse  current  relays  for  cutting  out 
defective  lines. 

E.  F.  Scattergood:  I  agree  with  the  writer  of  the  paper  in 
recommending  that  generating  stations  be  tied  solidly  to  the 
transmission  lines  and  that  there  be  no  automatic  devices  em- 
ployed. As  Mr.  Wood  has  suggested,  I  believe  such  is  the  gen- 
eral practice  in  this  section  of  the  country  at  least.  The  objec- 
tion to  the  automatic  devices,  so  far  as  they  have  been  de- 
veloped, except,  I  believe,  in  the  cases  of  branch  lines,  which 
are  in  the  nature  of  feeders  and  represent  only  a  small  load,  making 
any  reverse  currenjt  impossible,  are  greater  than  the  advantages, 
because  when  one  of  these  automatic  devices  goes  out  it  often 
happens  that  others  follow,  thereby  causing  a  great  deal  more 
trouble  than  originally  existed  and  a  great  deal  more  delay  and 
lack  of  continuity  of  service. 

By  way  of  illustration  we  may  form  a  mind  picture  of  several 
30,000  volt  feeders  with  automatic  devices  leading  from  a  sub- 
station containing  a  bank  of  transformers  connected  to  a  much 
higher  voltage  transmission  line  by  means  of  another  automatic 
breaker.  It  has  happened  even  in  such  a  case  that  the  operation  of 
a  feeder  breaker  caused  the  higher  voltage  automatic  to  open  also, 
thus  throwing  off  considerable  load  and  causing  similar  breakers 
to  go  out  elsewhere.  It  would  be  much  better  to  run  some  risk 
of  the  transformers  than  to  run  the  risk  of  the  system  as  a  whole 
being  disturbed  in  that  manner  unnecessarily. 

Mr.  Wood,  in  his  paper,  very  aptly  suggested  that  probably, 
as  the  networks  become  more  complicated,  it  will  be  desirable 
to  operate  with  divisions  entirely  separated  but  arranged  for 
paralleling  at  any  time. 

G.  H.  Stockbridge :  There  are  a  few  things  that  I  would  like 
to  call  attention  to,  one  in  particular  being  the  subject  of  running 
the  two  lines  parallel  through  automatic  switches  in  substations. 
I  would  like  to  ask  if  any  experiments  have  been  made  along  the 
line  of  paralleling  at  the  generating  station,  say  a  certain  number 
of  transformers  on  one  side  and  a  certain  number  on  the  other 
side,  to  be  separated  in  case  of  interruption,  thus  confining  the 
interruption  to  one-half  the  load.  We  have  been  considering 
tTying  this,  but  there  were  some  complications  raised.  I  would 
like  to  know  if  it  has  been  tried  in  this  case.  I  notice  the  state- 
ment, "  the  details  of  the  system  of  upkeep  employed  in  connec- 
tion with  the  transmission  system  have  been  carefully  worked 
out  as  a  great  many  of  the  interruptions  in  service  may  be 
avoided  by  proper  maintenance  of  the  lines.*'  This  is  a  broad 
statement.  What  wotdd  apply  in  one  district  wotdd  be  en 
tirely  insufficient  in  another.  For  example,  we  find  occasional 
inspection  of  the  insulators  is   necessary.     Possibly  it  might 
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reqtiire  a  complete  inspection  annually  of  our  main  transmis- 
sion lines  to  insure  us  from  interruption. 

I  also  note  that  it  is  provided  that  when  the  patrolman  work- 
ing on  the  line  makes  his  inspection  that  the  lineman  makes 
a  solid  connection  to  the  ground  with  a  cable.  This  be- 
longs, of  course,  to  the  part  of  the  system  where  the  circuits 
are  on  separate  lines.  With  the  Edison  Company  in  California, 
where  the  two  lines  are  run  on  the  same  poles,  we  find  it  is 
essential  for  the  man  working  on  the  poles  to  groimd  both  ends 
of  the  circuit. 

This  table  of  service  interruptions  is,  as  I  said  before,  par- 
ticularly interesting  to  the  operating  engineer,  showing  as  it 
does  the  causes  of  the  various  interruptions  and  I  am  stuprised 
to  find  the  causes  are  relatively  few  as  compared  to  what  they 
are  in  Southern  California.  In  fact,  I  think  in  Southern  Cali- 
fornia we  have  almost  everything  from  balloons  to  birds  on  poles, 
including  shepherds  who  leave  their  flocks  long  enough  to  climb 
a  pole  and  try  to  magnetize  their  knives  on  a  60,000  volt  wire. 
The  porcelain  insulator  shown  in  the  paper  is  familiar  to  our 
Southern  California  engineers  as  being  the  old  type  of  insulator 
used  on  the  30,000  volt  line  running  from  San  Antonio  Canyon 
into  Los  Angeles.  When  they  were  first  installed  we  had  very 
little  trouble  but  when  the  load  increased,  when  we  had  to  use 
both  circuits,  there  was  considerable  trouble  from  pole  burning, 
similar  to  what  Mr.  Downing  has  experienced  on  his  lines.  This 
was  eliminated  to  a  large  extent  by  taking  a  piece  of  galvanized 
iron  and  putting  it  on  the  top  of  the  bottom  crossarm  to  provide 
a  conductor  between  the  two  arms  for  the  leakage  current.  We 
found  practically  all  the  fires  were  caused  by  leaking  across  the 
gap  between  the  top  and  bottom  arm  and  by  providing  a  channel 
for  this  we  had  but  little  trouble. 

I  am  interested  in  the  apparatus  for  taking  care  of  lightning 
and  so  forth  by  air  gaps.  Our  experience  with  air  gaps  in  this 
country  is  not  very  satisfactory.  We  found  the  discharge 
point  varied  so  much  with  the  condition  of  the  atmosphere.  A 
gap  which  wotild  be  presstu"e-saf e  in  dry  weather  would  discharge 
more  in  foggy  weather  or  a  heavy  mist.  Perhaps  there  is  some 
way  of  eliminating  this  besides  installing  electrolytic  lightning 
arresters  in  series  with  them.  If  that  is  so,  we  would  be  in- 
terested in  knowing  what  it  is. 

R.  W.  Van  Noorden:  Professor  Cory  gave  us  a  little  outline 
of  what  was  called  the  psychological  side  of  the  telephone 
business.  In  other  words,  he  wanted  to  show  that  the  working 
of  different  systems  was  not  altogether  dependent  upon  the  in- 
ventions and  improvements  that  had  been  made.  There  is 
some  question  as  to  whether  one  system  is  an  improvement  over 
the  other  or  not.  In  working  our  power  plants,  we  have  a 
psychological  element,  it  is  not  like  the  one  Professor  Cory 
spoke  about  but  is  more  material.  I  don't  suppose  there 
are  any  two  power  plants  that  are  exactly  alike.    There  are 


Digitized  by  VjOOQIC 


1076  TRA  NS  MISSION  S  YSTEMS  [April  27 

no  two  power  plants  that  have  exactly  the  same  conditions 
under  which  they  must  operate,  and  yet  there  is  a  great  simi- 
larity between  all  plants,  let  us  say,  of  a  certain  size.  In  com- 
paring the  working  of  the  Snoqualamie  Company  and  those  of 
California  companies,  there  are  many  similar  problems,  but  in 
order  to  understand  these  the  engineer  must  understand  a  great 
many  solutions  which  he  does  not  learn  when  buying  his 
machinery,  or  installing  it,  or  of  which  the  designing  engineer 
may  know  nothing.  I  have  seen  in  many  cases,  where  a 
plant  is  started  for  instance  and  has  been  running  for  a  year 
or  two,  there  are  changes  made,  and  the  engineer  will  say, 
"  This  has  cost  us  more  than  if  we  had  it  in  the  first  place,"  or 
"  If  this  thing  had  been  built  in  such  and  such  a  way  it  would 
have  operated  better."  Now,  the  designing  engineer  did  not 
know  that.  Possibly  he  could  not  have  forseen  it,  but  he  should 
have,  and  as  we  go  along  in  the  science  of  this  work  we  are  learn- 
ing these  things  and  learning  them  from  the  operating  end. 
The  point  I  want  to  bring  out  is  this,  that  this  paper  instead 
of  being  simply  a  description  of  what  a  plant  has  done  day  by 
day  is  really  of  the  utmost  importance  in  helping  us  to  decide 
what  we  must  provide  for  in  our  new  developments,  and  it  is 
just  as  Mr.  Downing  said,  if  the  operating  engineers  would 
only  have  nerve  enough  or  be  permitted,  to  come  out  and  give 
records  of  this  sort,  it  would  do  more  good  to  the  engineering 
world  than  almost  anything  else  that  we  could  get.  I  am  sure 
I  have  read  this  paper  with  the  greatest  of  pleasure,  and  while 
there  are  many  points  that  come  up  for  discussion  among  engi- 
neers there  are  points  that  settle  moot  questions,  questions  of 
theory. 

.For  instance,  at  one  place  the  author  states  that  if  he  did 
not  have  a  Tirrill  regtilator  which  held  up  the  voltage  he  would 
have  had  much  less  trouble  in  momentary  interruptions  with  syn- 
chronous machines.  That  immediately  brings  up  the  subject 
of  the  old  question  between  automatic  and  the  non-automatic— 
I  am  not  referring  now  to  telephone  operation,  I  am  referring  to 
power  house  work.  Our  experiences  on  the  Pacific  Coast  have 
gone  to  show  that  the  non-automatic  workings  have  been 
successful  where  automatic  apparatus  might  not  have  been,  and 
that  is  where  the  question  of  personality  and  the  psychological 
study  that  the  engineer  has  to  make  comes  in.  I  wish  we  would 
have  a  few  more  of  these  papers  and  that  the  engineers  would 
consider  them  of  more  importance  than  they  do  for  discussion. 

CO.  Poole:  There  are  several  features  in  the  system  that 
have  brought  out  points  upon  which  I  have  debated  in  my  own 
mind  for  some  time  past.  One  of  them  is  the  segregation  of 
multiple  circuits  by  automatic  switches.  Personally,  I  have  been 
very  much  inclined  to  Mr.  Scattergood's  views  that  a  good 
non-automatic  was  very  much  better  than  a  poor  automatic. 
Our  practice  I  refer  more  particularly  to  southern  Nevada- 
has  been  to  install  automatic  oil  circuit  breakers  on  branch  lines 
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and  also  to  protect  substation  devices.  We  have  found  in 
our  experience  that  a  well  adjusted,  well  constructed  automatic 
oil  circuit  breaker  in  protecting  substations  on  the  high-tension, 
lines  is  more  reliable  than  on  the  low  tension.  We  have  found 
it  to  work  very  satisfactorily.  I  have  hesitated  however  to  in- 
stall automatic  switches  on  the  main  transmission  lines.  I 
can  understand,  of  course,  that  it  may  work  successftdly  under 
Mr.  Crawford's  conditions.  As  I  remember  it,  his  lines  are  ex- 
ceedingly short,  and  consequently  the  charge  and  reaction  eflFects 
are  not  so  great  as  on  the  200-mile  lines.  I  would  like  to  ask  if 
Mr.  Crawford  knows  of  such  experience  with  those  lines  and  if 
the  circuit  breakers  have  dropped  out  by  the  line  reactions  or 
capacity  reactions  after  the  short  circuit  has  occurred.  I  notice 
that  they  use  a  large  rheostat  in  the  tail  race  for  throwing  on 
the  circuit  before  the  machine  has  fallen  out  of  step.  I  would 
like  to  ask  if  this  is  one  rheostat  that  is  on  the  bus  or  a  separate 
rheostat  for  the  separate  generators.  We  had  some  experience 
in  this  line.  We  installed  a  new  plant  and  our  governors  were 
not  put  in  operation  soon  enough  and  we  had  to  control  300,000- 
kw.  by  hand,  and  when  a  short  circuit  occurred  on  the  system 
we  had  an  arrangement  made  whereby  we  could  throw  it  over  on 
the  rheostat  simply  to  hold  the  speed  of  the  generator  down,  and 
I  might  add  perhaps  down  to  a  very  low  degree,  and  it  worked 
satisfactorily  as  long  as  the  wires  did  not  bum  out  in  the  tail  race. 

I  note  also  in  Mr.  Crawford's  paper  he  states  they  test  the  line 
by,  I  presume  throwing  it  onto  the  bus  system  at  the  voltage. 
I  woidd  like  to  ask  if  he  tests  it  before  he  closes  the  line.  Also 
what  type  of  ammeters  he  uses  on  the  high  tension  side  to 
indicate  the  currents. 

Ralph  Bennett:  It  has  been  suggested  that  we  ought  to  do 
all  switching  on  the  high-tension  side.  Our  system  is  a  100,000- 
volt  system,  delta  connected,  and  we  stopped  that.  We  found 
that  every  time  we  switched  the  load  on  the  high-tension  side  we 
got  surges  that  were  too  great  to  stand.  The  insulation  breaks 
down.  Some  of  our  transformers  are  10,000  kw.  and  it  takes 
days  to  get  them  back  into  service. 

We  have  installed  at  each  end  of  our  line  electrolytic  lightning 
arresters  and  our  voltage  rise  on  loss  of  load  is  sufficient  to  dis- 
charge the  arresters.  We  have  set  the  horn  gaps  back  until 
they  are  practically  non-operative. 

We  have  had  in  over  two  years  of  about  100,000  volts  opera- 
tion so  little  line  trouble  that  we  can  say  we  have  had  none  due 
to  the  voltage.  We  have  had  a  good  many  bushings  broken 
down  and  things  of  that  kind  but  the  use  of  100,000  volts  does 
not  seem  so  very  difficult  to  us.     There  is  no  corona. 

Our  interruptions  are  so  mixed  up  with  the  interruptions  of 
different  customers  that  we  hardly  know  which  are  ours.  Per- 
haps when  we  have  been  operating  another  year  we  will  be  able 
to  say  that  this,  that  or  the  other  interruption  is  due  entirely  to 
our  own  trouble  and  due  to  a  preventable  cause.  We  cannot 
say  so  today. 
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D.  D.  Morgan:  The  Pacific  Light  &  Power  Corporation  has 
no  circuit  breakers  at  the  generating  stations;  everything  is 
tied  in  solid.  We  use  some  of  them  on  the  feeder  lines  and 
they  work  very  well.  They  have  worked  very  well  in  separating 
the  railroad  service  from  the  commercial  service. 

Our  experience  with  electrolytic  lightning-arresters  has  not 
been  very  great.  We  do  not  believe  that  they  have  done 
much  good  in  regard  to  lightning.  We  have  had  quite  a  bit 
of  trouble  with  our  insulators  breaking  down  and  shattering 
on  our  Kern  River  system.  It  seems  to  be  very  hard  to  ex- 
plain why  in  a  great  many  instances. 

W.  B.  Gump:  I  will  mention  a  few  points  relative  to  the 
figures  previously  quoted  as  to  the  limiting  quantity  of  power  to 
be  feasibly  carried  over  a  single  transmission  line.  Considering 
first  the  one  extreme,  a  small  amoimt  of  power,  say,  1000  kw., 
to  be  delivered  at  a  point  150  miles  distant  from  the  generating 
plant,  we  find  at  once  that  the  capital  outlay  in  transmission  is 
almost  certain  to  be  prohibitive.  In  other  words:  it  is  evidently 
far  cheaper  to  install  a  steam  or  gas  power  plant  at  the  point  of 
delivery. 

Taking  now  the  other  extreme,  a  20,000  or  a  30,000-kw.  load 
to  be  delivered  the  same  distance  (150  miles),  we  certainly  have 
to  consider  continuity  of  service.  Therefore,  the  dependence 
which  would  be  placed  on  one  three-phase  line  under  these 
conditions  necessarily  involves  a  large  degree  of  uncertainty. 

Stating  the  proposition  in  another  way:  How  much  can  we 
afford  to  pay  to  insure  the  transmission  system  against  inter- 
ruption? Or,  putting  it  in  still  another  way:  What  portion  of 
the  total  power  generated  can  we  afford  to  have  out  of  com- 
mission for  a  more  or  less  uncertain  period  of  time? 

M.  T.  Crawford:  I  will  endeavor  to  reply  briefly  to  all  the 
questions.  It  is  true  that  with  our  present  arrangement  we 
drop  half  our  load  at  the  main  substations  if  one  line  goes  out, 
but  only  for  a  few  seconds,  as  the  switchboard  operators  first 
act  is  to  switch  this  load  to  the  live  bus  without  delay.  This 
we  have  found  to  be  a  more  positive  and  reliable  way  than  to 
employ  reverse  current  relays.  These  operators  display  ex- 
cellent judgment  and  while  their  action  is  deliberate,  it  is  posi- 
tive. I  remember  one  case  several  years  ago  when  power  went 
entirely  off  of  one  line,  and  on  the  other  line  only  one  phase  was 
alive.  The  voltage  dip  was  not  severe  enough  to  stfidl  the  two 
500-kw.  rotary  converters,  and  they  were  kept  in  running  on 
one  phase,  by  pulling  off  all  the  direct  current  load.  By  doing 
this  the  operator  kept  ctirrent  on  the  polyphase  low-tension  lines 
and  carried  the  more  important  polyphase  feeders  for  about 
fifteen  minutes,  with  only  single  phase  high  tension  supply,  as 
the  converters  were  generating  for  the  dead  phases.  By  that 
time  service  was  again  restuned  over  another  line.  I  don't 
know  of  any  automatic  equipment  that  can  do  work  like  that. 

As  to  mtdtiplying  lines — we  have  tried  multiple  connections 
at  both  ends  and  at  the  middle,  but  experience  has  been  in  favor 
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of  connection  at  the  ends  only,  as  we  have  more  reliable  operators 
and  equipment  at  these  places. 

In  regard  to  testing  out  lines.  It  is  rare  that  we  have  to  do 
this  directly.  If  normal  service  can  be  maintained  with  the  good 
line,  the  chief  operator  proceeds  with  some  care  in  locating  the 
trouble.  In  many  cases  farmers  or  others  telephone  in  and  re- 
port the  location  of  trouble,  as  the  fireworks  display  is  something 
to  remember  especially  at  night.  The  telephone  system  is  in 
duplicate  on  line,  on  each  pole  line,  and  the  telephone  wires  are  al- 
most invariably  btimed  in  two  at  the  point  of  trouble.  Hence  the 
section  showing  telephone  trouble  is  nearly  always  the  one  having 
high  tension  trouble.  This  section  is  left  open  and  the  rest  of 
the  line  thrown  in,  section  at  a  time,  at  the  pole  switch,  the  oil 
switch  at  the  generating  station  being  set  for  instantaneous 
overload  release  at  a  light  current  value.  These  switches  are 
completely  equipped  as  automatic  circuit  breakers  for  this 
purpose,  and  the  automatic  trip  kept  cut  out  during  normal 
x)peration. 

The  water  rheostat  referred  to  is  one  large  unit  provided  with 
an  oil  switch  and  panel  the  same  as  a  feeder,  and  is  thrown 
directly  on  the  bus.  Iron  wire  coils  give  good  results,  and  I 
have  aJso  made  excellent  rheostats  out  of  sheet  iron.  An  iron 
ribbon  2  in.  wide  by  0.018  in.  thick  will  carry  2000  amperes  con- 
tinuously if  supplied  with  cooling  water.  It  must  be  in  one 
continuous  strip  (made  by  cutting  a  sheet  zig  zag)  and  well 
supported  mechanically. 

Our  electrolytic  lightning  arresters  have  given  us  fair  service  on 
the  whole,  and  we  have  two  makes.  They  will  take  line  surges 
from  switching  and  other  causes,  although  when  the  surge  is 
repeated  several  times  in  succession  we  have  had  it  bum  a  path 
right  through  the  trays  to  ground. 

We  have  only  few  expulsion  type  fuses  at  small  stations,  and 
prefer  a  series  trip  oil  circuit  breaker.  Our  switch  experience 
has  been  that  the  additional  cost  of  a  more  substantial  me- 
chanical construction  is  worth  while.  We  are  rebuilding  all  our 
pole  switches,  making  them  on  the  same  general  lines  but  of 
very  much  more  substantial  mechanical  construction. 

The  failures  of  insulators  were  practically  confined  to  the 
Everett  line  when  it  was  equipped  with  30,000-volt  insulators 
which  were  not  tested  before  acceptance,  and  then  usually  when 
a  high  voltage  occurred  from  some  other  cause.  The  new  in- 
sulators were  individually  tested  by  our  representative  at  the 
factory  before  acceptance,  testing  each  shell  for  its  share  and 
then  the  assembled  insulator  at  a  rain  test  of  120,000  volts  for 
five  minutes.  They  measure  14  in.  in  diameter  at  the  large 
petticoat. 

The  patrolmen  have  each  a  separate  section  of  line,  the  maxi- 
mum single  patrol  being  20  miles.  They  are  stationed  at  the 
middle  of  their  territory,  and  in  such  a  way  that  available  line- 
men are  only  10  miles  apart. 
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ELECTRICITY  IN  THE  LUMBER  INDUSTRY 


BY   EDWARD  J.    BARRY 


The  adoption  of  electricity  for  power  in  the  lumber  industry 
of  the  Northwest  is  of  comparatively  recent  date  although  con- 
ditions are  peculiarly  favorable  to  its  use.  In  the  greater  num- 
ber of  instances  power  can  be  generated  locally  at  a  very  cheap 
rate  by  utilizing  the  waste  products  as  fuel.  These  waste  pro- 
ducts have,  so  far,  little  commercial  value  and  in  the  past  any 
fuel  in  excess  of  the  quantity  required  for  the  steam  units  and 
auxiliary  machinery  has  been  conveyed  to  a  burner  and  de- 
stroyed. Saw  mills,  as  a  rule,  are  located  in  remote  and  sparsely 
settled  districts  where  the  problem  of  transportation  to  markets 
where  the  by-products  of  sawdust,  shavings  and  inferior  slab 
wood  could  be  used,  makes  it  scarcely  worth  while. 

The  generation  of  electricity  for  power  offers  a  method  of 
conserving  this  wasted  energy  by  opening  up  a  wide  field  for  its 
application  to  the  many  demands  for  power  outside  of  the  saw- 
mill itself.  A  brief  record  of  the  use  of  electricity  in  the  mills  of 
the  Potlatch  Lumber  Company  at  Potlatch  and  Elk  River, 
Idaho,  illustrates  these  conditions.  The  Potlatch  mill  with  a 
daily  capacity  of  750,000  feet,  is  one  of  the  largest  in  the  West 
and  the  power  demand  increased  beyond  the  capacity  of  the 
steam  units  which  consist  of  a  1500-h.p.  corliss  engine,  belt- 
connected  to  line  shafting,  for  the  sawmill,  and  one  1100-h.p. 
Corliss  engine  for  the  planing  mill. 

A  year  ago  one  800-kw.  low-pressure,  2200-volt,  three-phase, 
60-cycle  turbine  generator  was  added  to  operate  on  the  exhaust 
of  the  1500  h.p.  engine  and  has  increased  the  available  horse- 
power output  by  60  per  cent. 
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The  turbine  can  also  be  operated  on  live  steam  if  necessary  in 
the  event  of  a  shut-down  of  the  corliss  engine. 

The  output  of  this  800-kw.  set  is  used  to  drive  the  machinery 
in  the  box  factory,  a  300-h.p.  motor  driving  the  blower  on  the 
shavings  conveyor;  it  supplies  power  for  the  machine  shop, car 
shop  and  pump  house;  lights  the  mills  and  town  at  night,  and 
during  the  simmier  months  supplies  200  h.p.  to  a  local  brick- 
making  plant.  No  increase  in  boiler  capacity  has  been  required 
and  operating  conditions  are  such  as  to  occasion  very  little  extra 
expense  in  the  way  of  attention.  Storage  battery  locomotives 
are  employed  to  handle  the  lumber  from  saw-mill  to  dry-kiln 
and  from  dry-kiln  to  planing  mill.  These  locomotives  are  seven 
tons  in  weight,  including  battery,  and  have  a  start-draw-bar 
pull  of  3,600  lb.  (1632  kg.)  and  a  running  draw-bar  pull  of  1500  lb. 
(680  kg.)  at  four  miles  (6.4  km.)  per  hour.  Two  40-kw.  belt- 
driven  units  are  installed  for  charging  the  six  locomotives  em- 
ployed. Fotu*  spare  batteries  are  kept  in  reserve  and  can  be 
placed  in  position  on  the  locomotives  in  a  few  minutes  in  the 
event  of  a  battery  failing. 

Snow  has  given  considerable  trouble  in  former  years  throug: 
blocking  the  tracks  and  this  winter  there  was  designed  and  pi 
into  service  an  electrically-driven  snow  brush  which  has  prove 
eminently  successful.     The  brush  consists  of  a  wooden  cylind( 
with  rattan  canes  projecting  16  in.  (40.6  cm.)  from  its  siuiac 
This  cylinder  is  driven  by  a  chain  geared  to  a  15-h.p.  compoun  .- 
woimd  motor  mounted  on  the  forward  part  of  a  Itunber  car,  t' 
battery  for  driving  it  being  in  the  rear.     After  a  heavy  fall  <: 
snow  this  rotary  plow  is  sent  over  the  tracks  clearing  them  con 
pletely  and  allowing  work  to  proceed  without  interruption.     Le"^  ■ . 
batteries  are  at  present  in  use  on  the  locomotives  but  nick« 
iron  batteries  have  been  ordered  and  it  is  intended  to  change  o\ 
to  this  type  as  circumstances  permit. 

When  it  was  decided  to  adopt  electric  drive  for  the  Elk  Riv 
mill,  at  present  under  construction,  a  complete  test  was  mu 
to  determine  the  horse  power  required  to  drive  the  differeiu 
machines  in  the  mills. 

The  machines  under  test  were  disconnected  from  the  line- 
shafting  and  belt-connected  to  a  motor  of  the  estimated  horse 
power.  Wattmeter  readings  were  taken  over  a  period  of  ten 
hours  on  normal  load  and  from  this  data  the  necessary  informa- 
tion was  obtained. 

The  band  mills  were  found  to  take  from  30  h.p.  at  no  load 
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to  as  high  a$  275  h.p.  on  full  load,  and  it  was  decided  to  install 
200-h.p.  wound-secondary  motors  for  use  at  Elk  River.  There 
are  three  motors  of  this  type. 

Xhe  edgers  have  75-  and  50-h.p.  squirrel  cage  motors,  re- 
spectively. 

The  planers  in  the  planing  mill  are  driven  by  75-h.p.  motors. 
In  cases  where  it  was  considered  desirable,  liberal  use  has  been 
made  of  wound-secondary  motors. 

The  power  equipment  at  Elk  River  consists  of  one  800-kw., 
600- volt,  three-phase,  60-cycle  turbo-generator  and  one  500-kw., 
turbo-generator.  A  switchboard  of  eleven  panels  installed  in 
the  turbine  room^  controls  power  and  lighting  feeders  to  the  dif- 
ferent departments.'  For  lighting  the  town  and  outlying  dis- 
tricts the  voltage  is  stepped  up  to  2,200  volts,  with  2200-220- 
100-volt  step-down  transformers  at  centers  of  distribution. 

A  50-kw.,  600-220- 100- volt  transformer  is  used  for  sawmill 
lighting,  and  in  the  event  of  a  bum-out  provision  has  been 
made  at  the  switchboard  for  connection  to  the  steam  exciter  set, 
which  can  be  switched  over  for  this  work  alone.  The  25-kw. 
motor-generator  exciter  set  can  then  be  used  for  both  generators. 

A  50-lamp  regulating  transformer  is  used  for  the  series  arc 
system  on  the  log  pond  and  for  street  lighting  in  town.  The 
sawmill  is  intended  to  run  nightly  thus  making  the  question  of 
lighting  one  of  importance.  This  is  especially  so  in  lumber 
grading  which  calls  for  powerftJ,  evenly  distributed  light,  with 
an  absence  of  shadows.  Experiments  made  at  Potlatch  have 
convinced  us  that  tungsten  clusters  and  single  drop  lights  give 
the  best  effects  and  in  the  end  cost  least  for  maintenance.  Arc 
lamps  inside  the  mill  have  been  discarded  entirely.  In  the  filing 
room,  the  saw  sharpeners  and  stretchers  are  driven  by  individual 
motors  of  two  and  three  h.p.  and  the  small  forge  has  a  motor- 
driven  blower.  The  entire  system,  both  power  and  lighting,  is 
installed  in  conduit,  reducing  the  fire  risk  to  a  minimum. 

Electricity  will  be  used  on  the  log  pond  for  dredging,  as  the 
pond  bed  has  a  tendency  to  slit  up  and  impede  the  passage  of 
logs  to  the  conveyor. 

It  is  intended  to  use  a  rotary  cutter  directly  in  front  of  the 
intake  of  a  powerful  pump  and  convey  refuse  to  the  shore  over 
pontoons  supporting  the  pipe  line.  The  pump  and  cutter  will 
operate  from  a  barge  to  which  the  supply  wires  to  the  transformer 
will  be  attached.  The  voltage  ^^nll  be  stepped  down  from  2200 
to  440  volts  at  the  motors,  and  three  cable  drums  will  pay  out 
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or  haul  in  the  wire  according  to  the  location  of  the  dredge. 
It  has  been  decided  that  a  35-h.p.  motor  will  be  required  for  the 
pump  and  a  25-h.p.  motor  for  the  cutter.  If  necessary  a  small 
motor  may  be  installed  for  raising  or  lowering  the  arm  supporting 
the  intake  pipe  and  cutter. 

As  soon  as  weather  conditions  permit  the  Potlatch  Lxmiber 
Company  intends  to  experiment  with  electric  drive  on  the 
logging  machines  in  the  woods,  with  the  view  of  superseding  the 
steam  donkey  engines  at  present  in  use.  There  are  many  draw- 
backs to  the  use  of  steam  engines,  not  the  least  of  these  being 
the  ever  present  risk  of  fire  from  cinders  and  sparks.  Every 
care  is  taken  to  minimize  this  risk  but  the  wholesale  devastation 
in  the  forests  of  Idaho,  Washington  and  Oregon  last  summer 
has  naturally  turned  the  attention  of  lumber  companies  operating 
in  the  fire  areas,  towards  any  method  which  offers  even  a  partial 
solution  of  this  difficulty.  Water  for  the  boilers  must  be  hauled 
wherever  the  donkey  engines  are  located  as  it  is  useless  to 
depend  on  getting  it  locally  except  in  the  rare  instances  where  a 
stream  is  within  reach.  Fuel  has  to  be  cut  down  and  sawn 
into  the  proper  lengths,  creating  a  considerable  labor  item. 
A  watchman  has  to  be  on  duty  every  night  during  the  winter 
to  keep  the  water  from  freezing,  an  occurrence  more  frequent 
than  desirable,  when  it  comes  to  starting  up  in  the  mornitig. 

Electric  logging  presents  one  or  two  new  features  in  trans- 
mission work,  the  chief  diffictdty  being  that  the  location  of  the 
consuming  end  of  the  line  must,  of  necessity,  change  constantly. 
The  transmission  line  must  be  guarded  against  the  danger  of 
falling  trees,  but  as  it  will  be  always  in  the  rear  of  logging  opera- 
tions it  will  be  possible  to  follow  the  track  over  logged  off  land, 
reducing  the  risk  to  a  possible  interruption,  in  hilly  country, 
through  a  tree  rolling  down  from  higher  ground.  When  a  sec- 
tion has  been  logged  over  and  a  permanent  change  has  to  be  made 
in  the  direction  of  the  transmission  line  it  would  appear  that  a 
saving  could  be  effected  by  installing  light  lattice  work  steel 
towers  in  the  first  instance.  The  towers  could  be  set  down  and 
guyed  to  convenient  stumps.  The  line  would  parallel  the  logging 
railroad  practically  throughout  its  entire  length  and  when  it 
was  necessary  to  change  the  location  these  towers  could  be 
taken  down  and  loaded  on  the  cars.  The  wires  and  insulators 
would  have  to  be  removed  in  any  case  and,  as  the  construction 
crew  will  be  on  the  spot,  it  would  take  very  little  extra  labor  to 
remove  the  towers  also.     The  length  of  span  will  be  from 
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350  to  400  ft.  (106.6  to  121.9  m.)  and  the  height  of  tower  from 
grotmd  30  ft.  (9.14  m.).  The  size  or  character  of  the  wire  will 
not  be  settled  definitely  until  the  nature  of  our  requirements  is 
known.  The  current  will  be  22,000-volt  three-phase,  60-cycle. 
At  each  logging  engine  there  will  be  a  portable  sub-station  con- 
taining one  150-kw.,  three-phase,  22,000-550- volt,  step-down 
transformer.  From  th6  secondary  of  the  transformer  a  three- 
core  steel-armored  flexible  cable  will  be  led  to  the  motor.  This 
cable  will  be  built  up  in  sections  with  suitable  connectors  until  a 
limit  of  1,800  ft.  (548.6  m.)  is  reached,  when  it  will  be  necessary 
to  extend  the  line.  This  distance  will  permit  of  clearing  a  large 
area,  as  the  steel  logging  cable  has  an  effective  reach  of  3,000  ft. 
(914.4  m.).  The  motor  will  be  of  150  h.p.  capacity,  and  of  the 
phase-wound  type  driving  by  means  of  friction  pulleys. 

A  controlling  panel  with  current-limiting  relay  to  auto- 
matically introduce  resistance  into  the  rotor  circuit  in  the  event 
of  the  log  striking  an  obstruction,  will  be  installed  on  the  plat- 
form beside  the  motor.  This  principle  has  been  applied  with 
success  on  electric  shovel  work  and  prevents  the  annoyance 
of  a  constantly  tripping  circuit  breaker.  A  circuit  breaker 
will  be  used  to  prevent  damage  to  the  motor  should  the  power 
demand  rise  to  an  excessive  value  in  the  event  of  the  obstruction 
proving  beyond  the  capacity  of  the  machine. 

If  successful  there  is  scarcely  a  limit  to  the  uses  of  a  power 
supply  carried  into  the  forests  and  the  natural  outcome  would 
seem  to  point  to  an  extension  embracing  a  complete  electrifi- 
cation of  logging  railroads.  Within  four  miles  of  Elk  River 
there  are  two  waterfalls  of  85  and  102  ft.  (25.9  and  31  m.)  re- 
spectively which  could  supply  upwards  of  5,000  h.p.  There  are 
numerous  little  settlements  at  present  remote  from  any  center 
of  power  supply,  which  doubtless  would  welcome  the  oppor- 
tunity to  secure  energy  to  assist  in  development. 

In  submitting  this  paper  to  the  A.I.E.E.  the  writer  would 
appreciate  any  record  of  experiences  of  members  in  similar 
circumstances  and  would  be  glad  to  furnish  any  further  par- 
ticulars in  his  power  on  matters  relating  to  the  electrical  side  of 
the  lumber  industry. 
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DisctTSSiON   ON   "  Electricity  in   the  Lumber  Industry." 
Los  Angeles,  Cal.,  April  27,  1911. 

R.  L.  Noggle:  I  might  say  just  one  word  in  favor  of  elec- 
trically operated  sawmills,  and  that  is  this:  You  will  find  that 
in  using  electricity,  in  place  of  steam  you  will  save  on  your  in- 
surance. Where  I  am  in  the  northern  part  of  Idaho,  we  have 
started  to  furnish  power  to  two  different  mills  which  consume 
some  750  h.p.  The  only  talking  point  we  could  impress  them 
with  at  all  was  that  of  insurance.  We  are  nmning  our  plant 
entirely  on  refuse  and  shavings  from  the  saw  mills  and  in  turn 
sell  those  people  600  h.p. 

J.  A.  Lightibipe:  I  think  the  advantage  in  the  lumber  in- 
dustry, if  electrically  operated,  is  not  so  much  in  operating  the 
sawmill  as  it  is  in  supplying  power  to  the  logging  camp.  For 
years  they  have  been  trjdng  to  get  hold  of  a  large  portable  saw 
that  would  take  care  of  the  logs.  I  would  like  to  ask  how  they 
have  succeeded.  They  saw  up  a  tree  seven  or  eight  or  nine 
feet  in  diameter,  and  the  question  of  operating  those  saws  is 
quite  a  question.  We  made  a  failure  at  Folsom,  not  so  much  in 
operating  the  mill  as  in  the  lack  of  logs  to  saw.  At  that  place 
we  had  a  great  dispute  over  the  amount  of  power  necessary  to 
saw.  The  boss  sawyer  used  to  take  a  log  and  jam  it  through 
as  fast  as  he  could.  He  would  crowd  the  mill  to  the  utmost. 
That  is  about  the  last  experience  I  have  had  with  any  large 
logging  concern.  Inquiries  have  come  from  the  neighborhood 
of  Seattle  to  know  if  anything  had  been  developed  for  an  elec- 
tric saw  out  in  the  limaber  camps,  away  out  where  they  drop  the 
logs  and  section  them  up.  That  is  where  it  is  needed  more  than 
anywhere  else. 

C.  Pemschel:  In  the  first  part  of  this  paper  in  which  the 
author  describes  the  installation  at  the  Elk  River  &  Pptlatch 
Lumber  Company,  he  informs  us  the  hand  mills  vary  in  horse- 
power from  30  to  275  h.p. 

I  think  it  would  be  very  interesting  for  us  to  know  the  horse 
power  under  the  different  conditions  that  the  mill  is  operated. 
The  size  of  the  cut  and  feed.  This  same  thing  also  applies  to 
the  edges.  I  also  notice  that  he  says  that  the  planers  in  the 
planing  mills  are  driven  by  75-h.p.  motors.  Seventy-five  horse- 
power is  rather  large  for  the  largest  size  planers  and  I  surmise 
that  one  75-h.p.  motor  drives  a  group  of  planers.  Any  informa- 
tion that  he  has,  that  is,  the  horse  power,  that  these  planers 
take  under  actual  operating  conditions  I  am  sure  would  be  very 
interesting  to  the  readers  of  this  paper. 

The  second  part  of  this  paper  in  which  electric  logging  is 
taken  up  is  interesting  to  me  as  I  have  given  this  matter  con- 
siderable consideration  and  thought  and  have  worked  out  the 
scheme  of  operating  these  donkeys  by  means  of  compressed 
air  and  last  July  read  a  paper  before  the  Logging  Congress 
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in  Portland  on  this  subject.  A  copy  of  this  paper  can  be  seen 
in  the  August  issue  of  The  Timberman. 

J.  A.  Lighthipe:  Seventy-five  horse  power  is  nearer  right 
than  twenty-five. 

The  tendency  in  all  of  the  mills  is  to  force  the  machines. 
Power  is  very  cheap  and  time  is  very  costly  and  they 
are  apt  to  overcrowd  everything.  I  found  that  particu- 
larly in  the  great  big  band  saws  where  the  boss  sawyer  was 
trying  to  drive  the  logs  through  as  fast  as  he  could.  The  planers 
did  the  same  way.  They  fed  those  machines  up  to  the  limit. 
The  work  in  these  camps  is  not  to  be  compared  with  any  rail- 
road shops  you  ever  saw.  The  liunber  is  cheap,  power  is  cheap, 
and  labor  is  high. 

Ralph  Bennett:  It  appears  to  me  that  you  were  using  your 
planer  for  resizing.  Taking  off  some  very  heavy  cuts  to  get  a 
different  sized  material.  That  need  not  occur  in  a  lumber  yard 
or  at  the  mill. 

I  installed  about  two  years  ago  a  rather  large  planing  mill 
for  this  district  in  which  we  used  electric  drive  throughout, 
and  turbines  for  generating.  That  mill  has  40  h.p.  on  each 
planer,  and  they  handle  the  material  very  nicely. 

In  this  same  connection  I  investigated  the  possibility  of  using 
electric  power  in  their  saw  mills,  and  installed  a  300-kw.  turbine  in 
what  they  speak  of  as  Mill  B .  They  propose  to  rebuild  Mill  A,  or 
build  a  new  mill  electrically  driven.  We  found  that  the  250,000 
B.  M.  mill  took  about 900 h-p.  nmningidle,  llOOonnormalload, 
and  possibly  200  more  when  all  three  bands  happen  to  catch  at 
once.  The  amount  of  power  given  in  tiis  paper  for  the  bands 
would  not  be  at  all  applicable  to  Pacific  redwood  mills. 

The  Potlatch  method  of  logging  must  also  differ  somewhat  from 
that  used  in  the  redwoods,  because  it  is  necessary  there  to  handle 
not  only  a  logging  engine  but  a  yarding  engine.  The  logging 
engine  could  be  reached  by  a  wooden  pole  Une  along  the  railroad. 
The  yarding  engine  is,  however,  three  thousand  to  five  thousand 
feet  beyond  the  road  engine  on  a  steep  hillside,  without  any 
permanent  surroundings  whatever,  and  it  would  be  necessary  to 
reach  it  with  a  cable.  These  logs  are  at  present  sawed  by  hand 
where  they  are  felled.  Indeed  an  enormous  possibility  in  labor 
saving  in  the  woods  exists  here.  Fuel  for  the  road  engines  rep- 
resents less  investment  than  fuel  to  the  yard  engines.  The 
road  engine  is  reached  by  an  oil  tank  car,  but  oil  has  to  be 
packed  to  the  yard  engine.  This  oil  is  brought  from  Southern 
California,  and  taken  into  woods  where  they  are  burning  their 
waste  to  get  rid  of  it. 

At  the  mill  it  is  true  that  fuel  is  valueless.  It  is  also  true 
that  the  cost  of  preparing  and  firing  wet  sawdust  is  high. 
There  are  times  when  steam  cannot  be  kept  up.  By  feedmg 
more  of  this  material  to  refuse  burners,  and  less  to  the  boilers, 
it  can  be  disposed  of  at  much  less  cost.  The  economy  of  high 
grade  turbines  is  therefore  an  advantage  after  all. 
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Most  tnodem  engine-driven  mills  have  two  engines,  one  for  the 
front  and  one  for  the  back  of  the  mill.  A  breakdown  in  either 
engine  shuts  the  mill  down.  Two  turbines  of  the  same  capacity, 
both  running,  would  be  but  part  loaded.  A  breakdown  on 
either  ttirbine  would  permit  the  running  of  the  remaining  in- 
stallation with  the  uninjured  ttirbine. 

The  author  of  the  paper  speaks  of  the  use  of  storage  battery 
locomotives  in  the  yard.  There  are  now  in  operation  in 
California  and  in  the  southern  states,  a  great  many  monorail 
systems,  in  which  the  car  travels  on  an  I  beam  rail  elevated 
25  or  30  ft.  above  the  yard.  When  properly  installed,  this  will 
cover  the  entire  storage  area,  permitting  it  all  to  be  used  for 
lumber  storage  purposes.  If  lumber  is  piled  in  stacks  in  proper 
shape  and  tied  together,  it  can  be  handled  into  the  pile  and  stored 
without  any  hand  shoving  whatever,  and  still  in  the  package 
taken  aboard  the  vessel  or  car  and  so  transported  as  a  imit 
from  the  sorting  table  to  the  wholesale  liunber  yard,  thus  re- 
ducing the  cost  of  handling  and  storage  to  a  minimum,  at  the 
same  time  producing  under  proper  conditions  a  much  better 
grade  of  lumber  with  quicker  handling. 
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A  POWER  DIAGRAM  INDICATOR  FOR  HIGH-TENSION 

CIRCUITS 

BY  HARRIS  J.   RYAN 


Introduction  and  Summary 

The  power  diagram  indicator  was  produced  as  a  feasible,  in- 
expensive instrument  to  observe  dielectric  or  similar  stray  power 
losses  that  occur  in  high-tension  circuits.^  A  cathode  ray- 
pointer  is  used  to  trace  the  power  diagram.  It  is  actuated 
electrostatically.  The  pressure  of  the  high-tension  circuit 
applied  to  **  quadrants  "  causes  a  proportional  displacement  of 
the  ray-pointer  in  one  axis;  the  pressure  drop  between  the 
terminals  of  a  condenser  in  series  with  the  high-tension  circuit 
is  applied  to  the  other  pair  of  quadrants  and  gives  the  ray- 
pointer  a  quadrature  velocity  proportional  to  the  current.  The 
ray-pointer  is  thus  made  to  trace  a  diagram  that  encloses  an 
area  proportional  to  the  e.m.f.-current-time  product.*  Alter- 
nating current  will  produce  a  closed  diagram  or  *'  card  "  having 
an  area  which  is  proportional  to  the  energy  of  the  circuit  deliv- 
ered per  cycle.  At  constant  frequency,  therefore,  the  card-area 
measures  the  power  applied  in  the  circuit.  The  form  of  the 
card  tells  of  many  things  besides  the  amount  of  power  just  as  the 
steam  engine  indicator  card  does  in  steam  engineering. 

The  pressure  and  current  ranges  of  the  instrument  are  con- 
trolled by  values  of  the  capacities  of  the  condensers  employed. 
The  capacities  of  the  operating  condensers  may  be  varied  in- 
definitely so  that  the  working  range  of  the  instrument  may  be 

1.  The  instrument  may  also  be  employed  as  a  dielectric  hysteresis 
diagram  indicator  as  discussed  under  Theory. 

2.  For  those  who  prefer  it  a  mathematical  demonstration  of  this  rela- 
tion has  been  given  under  Theory. 

1089 


Digitized  by  VjOOQIC 


1090  R  YA  N:  PO  WER  DIA  GRA  M  INDICA  TOR        [April  27 

varied  also  indefinitely.  The  instniment  was  used  to  measure 
the  dielectric  loss  that  occurred  in  a  one-quart  (0.946-liter) 
sample  of  insulating  oil,  caused  by  moisture  or  other  impurities. 
The  values  encotmtered  were  0.03  watt  at  9,000  volts.  See 
Fig.  9.  This  is  the  smallest  high-tension  power  measured  in 
the  trying  out  tests.  The  highest  power  measured  was  a  corona 
loss  of  750  watts  that  occurred  at  130,000  root-mean-square 
approximate  sine-wave  volts  on  a  high-tension  laboratory  line. 
See  Fig.  7. 

The  integrity  of  the  instrument  depends  upon  the  quality  of 
the  condensers  employed.  If  the  condensers  are  good  the  indica- 
tions of  the  instrument  may  be  relied  upon  fully.  The  accuracy 
of  the  instrument  depends  upon  two  things: 

1.  The  tmiformity  of  the  electrostatic  fields  set  up  by  the  de- 
flecting quadrants. 

2.  The  variation  in  the  potential  delivered  by  the  electro- 
static machine  that  is  used  to  produce  the  ray-pointer.  This 
causes  a  slight  corresponding  variation  in  the  deflection  of  the 
ray-pointer. 

In  regard  to  both  these  causes  of  error  it  may  be  said  that 
where  but  little  care  has  been  used  in  mounting  and  adjusting 
the  quadrants  and  in  operating  the  electrostatic  machine  the 
errors  remain  within  5  per  cent.  An  accuracy  that  is  sufficient 
for  this  class  of  work  is,  therefore,  easily  attained. 

The  indicator  is  conveniently  calibrated  by  loading  the  test 
circuit  for  a  known  amount  of  power  or  by  computing  its  scalar 
constant  from  its  inherent  constant  obtained  at  low  pressure  and 
the  capacities  of  the  condensers  employed. 

The  instrument  has  been  found  satisfactory  for  the  study  of 
high-tension  insulation  and  insulators,  dielectric  losses  in  high- 
tension  transformers,  insulating  qualities  of  transformer  oils 
as  affected  by  moisture,  suspended  impurities,  etc.,  losses  into 
the  atmosphere  from  high  tension  lines,  etc. 

The  principles  of  construction  and  operation,  source  and  cost 
of  this  instrument  are  given  under  Structural  Details.  It  is 
comparatively  inexpensive,  and  an  ordinarily  capable  person 
should  have  no  difficulty  in  operating  it  to  his  entire  satisfaction. 

In  closing,  mention  is  made  of  the  corresponding  type  of  power 
diagram  indicator  operated  magnetically  using  inductance  in 
lieu  of  capacity  control.  Such  an  instrument  is  satisfactory 
only  when  operated  on  low-tension  circuits.  Because  there  are 
pbundant  facilities  for  work  of  all  sorts  on  low-tension  circuits, 
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the  magnetic  form  of  this  instrtiment  is,  at  present,  of  compara^ 
tively  little  importance.  The  ray-pointer  may  also  be  operated 
by  a  combination  of  static  and  magnetic  action  from  which 
additional  forms  of  poWer  indicator  are  made  possible. 

Theory 
In  Fig.  1,  tt  is  a  pointer  that  traces  the  diagram  xyxyx.    In 
so  doing  its  motion  is  made  up  of  two  rectangular  components 
determined  by  the  following  relation  referred  to  o,  the  pointer's 
normal  zero  position: 

The  vertical  displacement  of  the  pointer,  y,  is  proportional 
to  the  instantaneous  value  or  the  e.m.f.,  «,  in  a  given  alternating 

current  circuit.    By  calibra- 
tion these  become  equal. 

The  horizontal  velocity  of 
the  pointer  d  x/d  t  is  propor- 
tional to  the  corresponding 
instantaneous  current,  i.  By 
calibration  these  also  become 
equal.    Thus 

«-y 

dx 

i  ■■ ;  dx'^idt 

dt 

And  eidi  —  dw  —  energy  increment 

Substituting       ydx  =  dA  =  area  increment 


Therefore 

Integrating 

Wherefore 


dA  —  dw 
XdA^Xdw 
A  —  W^  i.e.  area  =  energy. 


It  follows  that  at  constant  frequency  the  areas  in  these  cards  by 
calibration  equal  the  electric  powers  that  produced  them. 

Cathode  rays  actuated  electrostatically  by  means  of  four 
qtiadrants  are  employed  for  the  ray-pointer.  See  Figs,  2  and  18. 
Between  two  opposing  quadrants  an  electric  field  is  established 
by  the  application  of  the  e.m.f.  impressed  upon  the  testing  cir- 
cuit.   Thus  a  displacement  of  the  ray-pointer  is  produced. 
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proportional  to  the  applied  e.m.f.  The  remaimng  quadrants 
are  connected  to  the  terminals  of  a  condenser  in  series  with  the 
testing  circuit.  By  this  means  the  ray-pointer  is  placed  in  the 
presence  of  a  quadrature  electric  field  that  is  due  to  the  pressure 
drop  produced  in  the  condenser  by  the  testing  circuit  current. 
The  rate  of  change  of  such  pressure  drop,  and  therefore  of  the 
electric  field,  is  proportional  to  the  current  and  the  ray-pointer 
is  thereby  given  a  quadrattire  velocity  that  is  proportional  to  the 
current.  An  instrument  thus  arranged  and  operated  behaves 
in  accordance  with  the  above  theory. 

Theory  for  the  Dielectric  Hysteresis  Diagram  Indicator.  When 
the  specimen  is  a  dielectric  through  which  the  test  pressure 
sets  up  current  only  by  condensance,  the  electric  field  established 
between  the  velocity  quadrants  is  a  true  replica  of  the  field  in 
the  dielectric.  It  is  then  that  the  ray-pointer  is  displaced  pro- 
portionally in  one  direction  by  the  impressed  e,m.f.  and  in  the 
quadrature  direction  by  the  electric  field  of  the  test  specimen. 
The  resulting  diagram  when  produced  with  alternating  e.m.f. 
gives  the  relation  throughout  the  cycle  between  electric  force  and 
electric  field.  If  the  field  lags  behind  the  force,  dielectric  hy- 
steresis is  present.  The  diagram  will  develop  this  relation  at 
every  phase  of  the  cycle.  It  will  enclose  an  area  that  is  a  measure 
of  the  hysteresis.  The  above  theory  continues  to  apply  because 
no  change  in  the  operation  of  the  instrument  has  been  made. 
The  area  of  the  card,  is  therefore,  proportional  to  the  energy 
lost  through  dielectric  hysteresis  per  cycle  and  to  the  correspond- 
ing power  lost  at  constant  frequency.  The  application  specified 
under  Methods,  Fig.  8,  is  an  example  of  the  way  in  which  the 
instrument  may  be  used  to  secure  dielectric  hysteresis  cards. 
Manifestly  if  conductance  is  present  the  card  will  include  the 
form  and  area  due  to  a  combination  of  both  losses.  A  corres- 
ponding difficulty  arises  in  the  use  of  a  magnetic  hysteresis 
diagram  tracer. 

Methods 

The  cathode  ray-pointer  is  made  up  of  electrons  discharged 
from  the  cathode  at  a  negative  potential  around  10,000  volts. 
The  potential,  however,  of  the  speeding  electrons  is  zero  having 
been  lost  by  acquiring  a  "  velocity  due  to  (electric)  head  '* 
just  as  is  the  case  with  a  water  jet  in  hydraulics.  It  follows  that 
for  best  results  the  middle  values  of  the  displacement  and 
velocity  presstires  applied  to  the  instrument  quadrants  and  the 
cathode  ray-pointer  shotdd  all  have  a  common  "  zero  potential  ". 


Digitized  by  VjOOQIC 


mil 


RYAN:  POWER  DIAGRAM  INDICATOR 


1093 


It  is  best,  therefore,  to  cover  the  electrostatic  machine,  used  to 
produce  the  cathode  ray-pointer,  with  a  wire  net  and  to  ground 
such  net  and  the  positive  terminal  of  the  machine;  and  to  divide 
the  velocity  condenser  into  two  parts,  connected  in  series  at  the 
center  of  the  source  or  at  the  center  of  the  test  circuit,  with  the 
connection  between  the  condenser  parts  also  grounded.  This 
will  balance  the  behavior  of  the  ray-pointer  in  the  presence  of 
the  four  quadrants.  Obviously  a  source  which  through  acci- 
dental grounding,  faulty  insulation,  etc.,  presents  an  e.m.f.  that 
is  unbalanced  with  respect  to  earth  potential  and  is  not  so  con- 
venient. In  such  case  it  is  necessary  that  the  mid-potentials 
of  the  displacement  and  velocity  pressures  and  the  potential 


w^ 


I  T.'  «'"'«^^        T^ 


Pig.  2 


Pig.  3 


of  the  ray-pointer  have  a  common  value.  The  exact  details 
to  accomplish  this  depend  upon  the  particular  circumstances 
and  must  be  left  to  the  intelligence  of  the  experimenter.  Fig.  2 
gives  the  connections  when  the  velocity  condensers  are  con- 
nected at  the  middle  of  the  source  and  Fig.  3,  when  connected 
at  the  middle  of  the  testing  circuit. 

The  e.m.f.  that  will  deflect  the  ray-pointer  over  the  maximum 
range  depends  upon  the  dimensions  adopted  and  the  manner  of 
mounting  the  quadrants.  It  can  be  made  as  low  as  200  volts, 
maximum.  It  is  900  volts,  maximum,  in  the  instrument  that 
was  used  for  the  trying-out  work  referred  to  herein.  See  Fig.  18. 
As  the  instrument  is  suited  primarily  for  high-tension  work  it 
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follows  that  a  pressure  range  multiplier  must  generally  be  used. 
Some  form  of  condenser-type  multiplier  is  best  for  this  purpose. 
Fig.  2  is  repeated  in  Fig.  4  and  the  pressure  multiplying  con- 
denser, Cd'  Cd''  Cd'''  Cd'"",  has  been  added.  This  is  called  the 
displacement  condenser  as  used  in  the  trying-out  experiments. 
A  photograph  of  this  condenser  is  reproduced  in  Fig.  5.  It  is 
an  air-dielectric  condenser.  The  electrodes,  Cd^  and  Cd^^\ 
were  made,'  each  of  four  7-ft.  by  6-in.  (2.133-m.  by  12.7-cm.) 
cylinders  of  galvanized  sheet  iron,  electrically  connected. 
To  form  the  spherical  ends  of  the  cylinders,  float  balls  were 
used,  such  as  are  employed  in  household  plumbing.  Between 
these  electrodes  the  source-pressure  establishes  an  electric  field. 
Midway  between  them  is  mounted  a  ground  plate  o  o,  and  on 
either  side  two  field  tapping  q 

W   '"""^    mkJ 


plates,   Cd"  Cd'",    which  are 
connected   to    the    displace- 


testing        circuit 
Fig.  4 


ment  quadrants,  ^2^  O2" .     In 

this   way    an    exact    replica 

miniature  of  the  large  electric 

field  is  produced  between  the 

quadrants,  Q^^  ^2" ,  that  will 

displace    the  ray-pointer   in 

accurate   proportion   to    the 

total  source  of  pressure.    The 

cylinder-electrodes  are  swung 

from  a  frame  by  insulating 

cords  and  by  means  of  pulley 

tackle  one  may  conveniently 

adjust  the  positions    of  the 

cylinders  from  the  floor  so  that  they  will  be  near  to  or  far 

from  the  tapping  plates,   Crf"   Cd"'.     Insulating  cords  suspend 

the  tapping  plates  on  either  side   of  the  ground  plate,  0  0^ 

in  such  a  manner  as  to   draw  them   together.     Hard  rubber 

set  screws  are  used  to  determine  their  separation  from  the 

ground  plate  as  shown  in  the  photograph.     In  this  way  the 

maximum  pressure  range  of  the  instrument  is  quickly  adjusted 

from  900  to  250,000  volts. 

When  the  velocity  condensers  are  connected  at  the  center  of 
the  source,  see  Fig.  4,  and  the  testing  circuit  is  open,  the  instru- 
ment will  indicate  no  power ^  provided  there  is  no  dielectric  loss 
in  the  transformer,  displacement  condenser  and  their  connec- 
tions.    It  will  indicate  the  vector-sum  of  the  combined  charging 


Digitized  by  VjOOQIC 


1911]  RYAN:  POWER  DIAGRAM  INDICATOR  1096 

current  of  the  high-tension  circuit  of  the  transformer  and  the 
displacement  condenser  at  the  deUvered  e.m.f .  It  will  indicate 
each  of  these,  i.e.,  by  the  velocity  or  displacement  of  the  ray- 
pointer,  according  as  one  or  the  other  is  short-circuited  out. 
The  air-dielectric  pressure  condenser  is  easily  insulated  so  that 
it  will  display  no  dielectric  loss.  Good  transformer  oil,  free  of 
water,  which  will  break  down  at  50,000  volts  between  half-inch 
(12.7-mm.)  spheres  separated  one-tenth  inch  (2.54  mm.)  caused 
the  120,000-volt  transformer  outfit  employed  in  this  work  to 
operate  at  full  pressure  without  appreciable  dielectric  loss. 
When,  however,  there  is  present  a  dielectric  loss  in  the  source 


Fig.  5 

transformer  it  must  be  observed  when  the  testing  circuit  is  cut 
out  at  each  particular  voltage  and  a  corresponding  correction 
must  be  made. 

The  method  wherein  the  velocity  condensers  are  connected 
to  the  center  of  the  source  is  preferred,  especially  where  it  is  not 
practicable  to  make  the  corresponding  connection  at  the  middle 
of  the  testing  circuit.  The  measurement  of  the  power  lost  in 
corona  about  a  high-tension  transmission  line  is  an  example  of 
this  sort.  The  nest  of  power  cards  given  in  Fig.  6  was  obtained 
through  an  eai^ly  trial  of  this  method.  The  test  specimen  was 
the  atmosphere  surrounding  a  laboratory  line  with  the  following 
specifications:  diameter  of  conductor  0.086  in.   (2.159  mm.). 
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interaxial  distance  12.5  in.  (31.75  cm.)  length  130  ft.  (39.624  m.). 
Card  /  has  no  area;  it  was  taken  at  44,000  root-mean-sqiiare 
approximate  sine-wave  volts,  just  before  the  atmosphere  about 
the  line  broke  and  just  below  the  pressure  at  which  the  card 
began  to  open  out  with  an  area.  Card  //  was  formed  at  53,400 
volts  and  card  ///  at  64,000  volts.  The  cards  in  Fig.  7  were  also 
obtained  by  this  method.  In  this  case  card  ///  was  made  at 
128,000  root-mean-square  approximate  sine- wave  volts,  by  the 
atmosphere  loss  about  a  laboratory  line  having  the  following 
specifications:  conductor  5/16  in.  (7.938  mm.)  diameter,  seven- 
strand,  tinned,  steel  guy  cable;  interaxial  distance  36  in.  (91.44 
cm.),  length  128  ft.  (39.014  m.).  Cards  /  and  //  were  formed 
by  known  loads  applied  in  the  testing  circuit  for  calibrating 
purposes.  Card  /  was  made  by 
the  core  loss  of  a  60,000-volt 
transformer  applied  on  the  high- 


FiG.  6 


1—  716  watts  at    60  Idlo volts.  0.350  an.  in. 
11—1136     ••       ••      60  0.546  ~' 

III—  760     ••       ••    130         ••         0.360     " 

Fig.  7 


tension  side;  Card  //,  the  same  plus  load  of  seven  16-c.p., 
carbon  filament  *'  calibrated  "  incandescent  lamps  connected 
to  the  low-pressure  secondary  of  the  loading  transformer  and 
arranged  so  as  to  operate  at  about  normal  candlepower.  The 
results  herein  obtained  are  given  in  the  following  table: 


<      Areas  of 
original 
cards 
in  sq.  in. 


In 
sq. 
cm. 


Calibrating 
loads 


Watts 

^ersq. 

m.  by 

calibration 


Watts 

persq. 

cm.  by 

calibration 


Observed 

corona 

loss  in 

watts 


I 

II 
III 


0.35  2.26 

0.546  3.52 

0.36  2.32 


716 
1136 


2050 
2080 


317.88 
322.22 


750 
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The  formation  of  an  area  in  the  power  diagram  began  at 
112,000  volts  corresponding  with  the  start  of  the  ''noise** 
and  a  few  per  cent  under  the  pressure  that  started  the  visible 
corona. 

Where  the  specimens  under  test  take  a  small  charging  current 
and  the  dielectric  losses  are  comparatively  small  it  is  best  to 
arrange  them  in  a  testing  circuit  so  that  the  velocity  condensers 
can  be  used  at  the  potential  middle  of  such  circuit  rather  than 
at  the  middle  of  the  source-transformer.  In  this  way  the  pres- 
ence in  the  velocity  condensers  of  the  transformer  and  displace- 
ment condenser  charging  currents  is  avoided,  making  the  in- 
dicator solely  responsive  to    the    dielectric    properties  of  the 


L 


T/ 
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Fig.  8 

specimens.  The  application  of  this  method  is  perhaps  best 
illustrated  in  the  arrangement  adopted  for  testing  transformer 
insulating  oils,  shown  diagramatically  in  Fig.  8.  The  specimen 
of  oil  is  divided  and  placed  in  a  duplicate  pair  of  tinned  pans. 
The  pans  are  mounted  over  a  metal  ground  plate,  0'  0'  ,  and 
separated  therefrom  by  an  air-dielectric  space  sufficient  to 
form  the  velocity  condensers  as  shown  in  the  illustration.  Bits 
of  new  empire  cloth,  thin  sheets  of  hard  rubber,  etc.,  do  very 
well  to  support  the  oil  pans  and  to  form  the  condenser  gap. 
The  radius  of  curvature  of  the  edges  of  all  metal  parts  must 
be  large  enough  so  as  to  be  far  within  the  corona  formation 
limit  in  either  the  air  or  the  oil.     To  try  out  thisjmethod  a 
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specimen  was  selected  from  a  supply  of  oil  that  had  been  ex- 
posed to  the  atmosphere  in  the  laboratory  and  which  had  plenty 
of  opportimity,  therefore,  to  absorb  moisture.  On  test  at 
9000  root-mean-square  approximately  sine-wave  volts,  by  this 
method,  card  /,  in  Fig.  9,  was  obtained.  The  area  of  the  card 
corresponds  to  about  .03  watts.  The  oil  was  then  taken  from 
the  pans,  tested  with  lime  to  remove  the  water  and  after  filtering 
was  replaced  in  the  pans  and  the  test  repeated.  At  9000  volts 
the  pressure  that  gave  card  /  in  the  first  test  now  gave  the  right 
line,  //,  showing  no  area  and,  therefore,  no  loss  in  the  oil.  The 
pressure  was  raised  to  13,000  volts  and  the  right  line,  no-area 
card  increased  from  the  limits,  //  //,  to  ///  ///,  showing  that 
the  dehydrating  and  filtering  had  made  a  vast  improvement 
in  the  dielectrip  quality  of  the  oil.  The  shape  of  card  /  tells 
an  interesting  story  regarding  the  characteristic  conductivity 


Pig.  9. — / — Area,  measures  0.03  watt  at  9000  volts 

of  the  oil  introduced  by  the  impurities  present,  mainly  water. 

Those  who  are  particularly  interested  in  these  matters  will 
be  amply  paid  for  their  time  and  effort  spent  in  making  their 
own  comparative  studies  of  the  cards  in  this  and  the  two  pre- 
ceding illustrations. 

One  other  experiment  was  made  to  try  out  this  method 
wherein  the  velocity  condensers  are  connected  at  the  middle  of 
the  testing  circuit.  The  purpose  of  the  experiment,  in  addition 
to  trying  out  the  method,  was  to  determine  whether  soot  on 
a  wire  would  constitute  the  '*  dirt  "  and  that  is  said  to  lower 
the  e.m.f.  at  which  corona  loss  begins. 

Two  steel  wires,  W  W'\  Fig.  10,  were  mounted  each  at  the 
axis  of  a  10-ft.  (3.048  m.)  length  of  ordinary  6-in.  (15-24-cm.)  stove 
pipe  placed  over  a  common  ground  plate.  The  relative  positions 
of  the  pipe  and  ground  plate  were  quickly  adjusted  so  that  the 
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velocity  condensers  thus  formed  had  the  requisite  capacities 
to  produce  a  desirable  current-velocity  ray-pointer  deflecting 
range.  The  source  pressure  was  put  up  until  the  double  line 
on  the  indicator  screen  parted  to  form  an  area  thus  indicating 
the  fact  that  a  zone  of  atmosphere  about  the  piano  wires  had 
broken  down  causing  a  loss  in  power.  After  noting  the  source 
pressure  that  did  this  to  be  22,000 root-mean-square,  approximate 
sine-wave  volts,  it  was  tiirned  off.  A  lighted  candle  was  then 
attached  to  a  suitable  carrier  made  of  soft  copper  wire,  hooked 
to  the  piano  wire  and  adjusted  so  that  the  flame  would  smoke 
it.  By  means  of  a  string  attached  to  the  carrier  the  candle  was 
made  to  pass  under  and  smoke  the  whole  length  of  each  wire. 
Pressure  was  again  applied  to  the  wires  and  increased  to  the 


point  where  the  indicator  showed  the  start  of  a  loss  card, — 
this  presstire  was  observed  to  be  24,000  volts.  The  increase  was 
evidently  due  to  the  appreciable  increase  in  the  diameter  of 
the  conductor  produced  by  the  covering  of  finely  divided  con- 
ducting carbon.  It  was  the  first  experiment  in  which  this 
method  was  tried  out  and  determined  that  soot  is  not  the  kind 
of  "  dirt  "  on  a  conductor  that  will  lower  the  value  of  the  e.m.f. 
at  which  corona  is  first  formed. 

At  times  it  may  be  necessary  in  order  to  use  the  indicator 
to  connect  it  on  one  side  of  the  circuit  in  the  same  corresponding 
manner  that  a  wattmeter  is  ordinarily  connected.  This  can 
be  done  provided: 

1.  The  indicator  will  produce  true  cards  when  the  displace- 
ment and  velocity  quadrant  potentials  are  entirely  above  or 
below  the  zero  potential  of  the  ray-pointer. 
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2.  The  conditions  are  so  adjusted  that  the  "  ground  "  of 
the  indicator  with  its  electrostatic  machine  and  the  connections 
of  the  displacement  and  velocity  condensers  on  the  low-poten- 
tial side  of  the  line  are  at  the  same  potential. 

The  first  proviso  was  tried  out  at  low  pressure  with  the  con- 
nections shown  in  Fig.  11.  The  source  pressure,  e,  was  applied 
to  the  quadrants,  Q'  Q"  ;  the  terminals  of  the  velocity  condenser 
Cv  were  connected  to  the  remaining  quadrants,  Qj'  Qj";  i?  was 
the  loading  resistance  and  /  the  instrument  for  reading  the 
current.  The  power  applied  in  this  testing  circuit  was,  there- 
fore, PR. 

Two  cards  were  obtained,  one  at  a  given  value  of  current 
/,  and  another  at  double  that  value  or  four  times  the  power, 
i,e,  4iPR.  These  cards  are  reproduced  in  Fig.  12.  The  areas 
of  the  originals  measured  0.067  sq.  in.  (43.21  sq.  mm.)  and 
0.282  sq.  in.   (181.93  sq.   mm.),   respectively.     The  ratios  of 
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Fig.  13 


these  areas  is  4.21  to  check  with  4  which  is  a  better  behavior 
than  was  anticipated,  especially  because  one  of  the  areas  traced 
was  so  small.  There  has  been  no  opportunity  as  yet  to  try 
out  the  second  proviso;  however,  with  that  no  particular  diflS- 
culty  is  anticipated.  At  all  events  in  this  repect  the  method 
will  easily  be  applicable  for  detecting  dielectric  losses  in  all 
cases  where  one  side  of  the  source  can  be  grounded. 

The  cards  in  Fig.  12  were  obtained  with  neighbor-mounted 
quadrants;  the  ray-pointer  that  traced  them  was  actuated  by 
a  composite  field.  For  this  unbalanced  or  onesided  method 
of  using  the  power  indicator  it  is  expected  that  better  results  will 
be  obtained  by  tandem-mounted  quadrants.  With  these 
the  ray-pointer  will  be  acted  on  first  by  one  field  and  then  by 
the  other.  Thus  and  by  screening  out  the  stray  field  set  up 
by  the  high  tension  line,  one  should  secure  excellent  results. 

Originally  it  was  not  thought  that  the  one-sided  method 
wotdd  work.     For  this  reason  it  was  tried  out  only  at  the  dose 
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of  the  series  of  trials  merely  for  the  purpose  of  working  to 
the  limits  of  the  investigation  assigned  at  the  outset.  When 
it  was  found  to  be  quite  feasible  time  did  not  permit  to  try  out 
the  method  on  high-tension  circuits.  A  good  testing  load 
for  such  a  trial  would  be  a  single  high-tension  line  insulator. 
With  the  neighbor-mounted  quadrants  the  cards  must  occupy 
one  comer  of  the  indicator  screen;  at  all  ranges  they  are,  there- 
fore, rather  too  small  for  comfort.  The  use  of  tandem-mounted 
quadrants  should  restore  the  use  of  the  whole  screen  and  the 
method  should  then  approach  the  satisfactory  character  of 
the  central  connection  method. 

Accuracy  and  Integrity  Trials 
1.  The  character  of  the  electric  field  as  to  uniformity,  set 
up  between  a  plain  pair  of  quadrants,  quickly  made  and  easily 
mounted,  was  tested  by  applying  alternating  e.m.f.  between 
one  pair  of  quadrants  and  short-circuiting  the  neighboring 
pair.  The  quadrants  were  made  and  mounted  as  specified 
under  structural  details.  The  e.m.f's  applied  to  the  quadrants 
and  the  corresponding  deflections  of  the  ray-pointer  produced 
were  read  and  scaled  and  tabulated  so  as  to  permit  of  ready 
comparison.     See  table  /: 


Volts 

Indicator  deflections 

140 

150 

280 

271 

420 

413 

560 

555 

676 

688 

This  was  not  a  complete  accuracy  trial.  Composite  fields 
deflecting  the  ray-pointer  by  the  combined  action  of  all  four 
quadrants  should  also  have  been  used.  This  test,  however 
demonstrated  that  the  accuracy  required  in  the  instrument 
is  comparatively  easy  to  obtain  by  a  proper  mounting  of  the 
quadrants.  There  is  almost  no  end  to  the  variation  of  the  ac- 
tual forms  that  may  be  given  the  deflecting  quadrants.  It 
is  merely  a  question  of  putting  enough  time  into  the  undertaking 
to  produce  quadrants  so  formed  and  mounted  that  the  ray- 
pointer  will  be  deflected  with  any  reasonable  degree  of  accuracy 
that  may  be  desired. 

2.  The  relation  between  areas  and  loading  watts  was  tried 
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out  with  low  pressures.  The  connections  used  are  shown 
diagramatically  in  Fig.  13.  The  loading  resistances  R\  R% 
were  the  ordinary  "multipliers"  used  with  alternating  current 
instruments  of  the  dynamometer  type.  The  current  through 
the  loading  resistances  was  read  by  means  of  the  instrument, 
/,  for  which  an  ordinary  alternating-current  voltmeter  was  em- 
ployed. In  this  way  the  nest  of  cards  in  Fig,  14  was  obtained 
by  making  the  proper  changes  in  the  loading  current  as  indicated 
at  /.  The  area  of  the  original  is  given  for  each  card.  Fig.  14 
also  includes  an  **  Integrity  Table  '*,  i.e.  a  table  of  the  card 


Integrity  table 

Powers.  Areas. 

38>-^ll,500  »  0.125     0.120 

60« -s- 11.500  =  0.315     0.305 

lW  +  11.500  =  1.070     1.110 

U5«-r  11.500  =  1.830     1.830 

Pig.  14 


Integrity  table 

Powers.  Areas. 

31.5»-M1,500  =  0.086  0.074 

59*     -M1.500  =  0.302  0.254 

100«     -5-11.500  =-  0.870  0.880 

147*     -M1.500  =  1.880  1.820 

Fig.  15 


areas  and  the  squares  of  their  corresponding  currents  which 
are  proportional  to  the  power  present  and  scaled  so  as  to  facilitate 
comparison.  No  attempt  was  made  to  seciu'e  higher  propor- 
tional conformity  of  areas  and  the  powers  that  produce  them. 
The  sort  of  work  for  which  the  instrument  was  developed  does 
not  require  it.  However,  should  it  be  so  desired  greater  ac- 
curacy can  be  obtained  by  refining  the  method  of  making  and 
motmting  the  quadrants  and  by  screening  the  ray-pointer  from 
the  action  of  all  stray  electric  fields. 

3.  With  the  arrangement  of  Fig.    13  but  with   potentials 
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unbalanced  the  nest  cards  given  in  Fig.  15  was  obtained. 
The  area  of  each  card  is  given  and  an  integrity  table  for  the 
comparison  of  areas  and  corresponding  powers  is  given  as  be- 
fore. No  important  interference  with  the  accuracy  of  the  in- 
strument was  produced  by  such  unbalancing  effect.  It  is 
only  necessary  to  secure  an  approximate  balance,  such  as  can 
easily  be  recognized  by  the  eye  when  noting  the  form  and  lo« 
cation  of  the  card  on  the  indicator  screen. 

Other  Trials 

1.  In  Fig.  16  is  given  a  nest  of  cards  formed  by  the  core  loss 
of  a  60-kilovolt,  20-kw.,  transformer  supplied  from  the  high- 
tension  side. 

2.  The  indicator  accords  means  for  the  detection  and  ap- 
proximate measurement  of  extraordinarily  small  amounts  of 
power.     The  card  in  Fig,  17  was  produced  by  an  e.m.f.  of  83 


Fig.  16 


AREA  MEASURES  .0023  WATTS 

Fig.  17 


volts  applied  through  three  megohms  or  .0023  watts.  The  e.m.f. 
applied  in  the  velocity  condensers  was  172  volts  and  the  total 
source  e.m.f.  was  191  volts.  In  high-tension  work  where  the 
multiplying  displacement  condensers  would  be  used  this  cor- 
responds to  2.3  watts  at  191,000  volts.  The  loading  resistances 
in  this  case  were  a  pair  of  lead  pencil  "  marks  *'  about  5/16  in 
(7.938  mm.)  wide  and  8  in.  (20.32  cm.)  long  made  on  linen 
writing  paper.  Their  combined  resistance  when  impressed 
with  108  continuous  volts  was  determined  by  direct  ciurent 
voltmeter  and  portable  galvanometer  to  be  3,000,000  ohms. 
Each  of  the  pair  of  velocity  condensers  was  made  by  laying 
an  8J-in.  by  11-in.  (21.59-cm.  by  27.84-cm.)  sheet  of  common 
typewriter  linen  paper  as  the  dielectric  upon  a  ground  plate 
for  one  electrode  and  the  other  electrode  was  made  by  placing 
Qn  top  of  the  sheet  a  piece  of  tin  foil  7-in.  by  9-in.  (17 .78  cm.  by 
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22.86  cm).  The  limit  of  sensitiveness  is  attained  only  when 
the  current-velocity  quadrants  of  the  indicator  are  made  to 
serve  as  the  velocity  condensers.  When  that  is  done  the  sensi- 
tiveness of  the  instrument  is  such  as  to  permit  the  detection 
of  extremely  minute  powers,  viz.: 

3.  As  already  stated  for  these  trials,  on  purpose,  no  special 
care  was  taken  in  forming,  mounting  and  insulating  the  quad- 
rants. They  were  held  in  place  on  the  glass  of  the  tube 
by  means  of  rubber  bands. 

Naturally  according  to  weather  conditions,  the  outer  glass 
surface  would  collect  some  moisture  and  become  conductive. 
When  in  this  condition  it  is  always  interesting  to  apply  alter- 
nating pressure  to  one  pair  of  quadrants,  with  the  remaining 
pair  disconnected  and  to  watch  the  drying  off  process  that 
followed.     It  would  be  completed  in  perhaps  a  second.    At  the 


MMF 


'    I   I    I   I    I    «    ' 


start  off  there  would  be  formed  a  considerable  card  area  due 
to  displaced  electric  fields  set  up  by  leakage  current  from  the 
charged  quadrants  that  had  an  in-phase  power  component 
because  of  the  resistance  of  the  leakage  path.  The  generated  heat 
would  evaporate  the  moisture  at  a  rapid  rate  and  the  card  areas 
would  diminish  correspondingly  until  after  a  second  or  so 
nothing  remained  but  the  right-line  band  due  to  the  applied 
pressure.  The  amount  of  power  indicated  in  these  cases  was 
extremely  small. 

It  follows,  therefore,  that  by  proper  refinement  the  indicator 
may  be  relied  upon  to  detect  the  extremely  small  stray  losses 
that  are  often  responsible  for  serious  damage  to  insulation. 

Steuctural  Details. 
A  drawing  to  scale  of  the  cathode  ray  tube  used  as  an  electro- 
static power  indicator  in  these  trials  is  given  in  Pig.  18.     In 
view  of  the  fact  that  there  is  no  general  familiarity  with  the 
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source  and  character  of  the  apparatus  it  may  be  well  to  add 
that  this  tube  is  made  and  marketed  by  Richard  MuUer-Uri 
of  Braunschweig,  Germany,  catalogued  by  him  as  "  Braun- 
Ryan  No.  2761  "  and  sold  in  Germany  for  twenty  dollars. 

A  cone  of  cathode  rays,  c  r ,  is  emitted  from  the  disk-shaped 
negative  electrode.  At  the  aperature,  a,  in  the  aluminum 
diaphram,  d,  a  conical  pencil  of  these  rays,  r,  is  allowed  to  pass, 
striking  the  screen,  5,  causing  a  fluorescent  spot  of  light.  These 
rays  can  be  concentrated  at  the  aperature,  a,  and  focussed 
on  the  screen,  s,  to  a  marked  degree  by  means  of  the  magnetic 
field  set  up  by  the  continuous  current  circtdating  in  the  coil 
m.m.f.  The  coil  should  have  proportions  somewhat  as  shown 
in  Fig.  18.  It  should  have  a  continuous,  maidmiun  m.m.f. 
capacity  of  about  2500  ampere-turns.  To  begin  with,  the 
central  plane  of  the  coil  should  be  at  right  angles  to  the  axis 
of  the  tube  and  near  the  negative  electrode  disk.  The  coil 
should  be  given  a  mounting  capable  of  universal  adjustment 
so  that  its  own  field  and  the  earth's  field  or  any  stray  field 
combined  can  be  made  to  have  the  proper  relation  to  the  ray- 
pointer  so  as  to  give  the  best  focussing  effect.  The  continuous 
current  through  the  coil  must  be  adjustable  by  rheostat  initially 
over  a  wide  range,  producing  a  corresponding  variation  of  the 
m.m.f.  of  the  coil  from  1,000  to  2,000,  more  or  less,  ampere- 
turns  until  by  trial  the  best  focussing  value  is  found. 

The  principle  upon  which  this  focussing  effect  of  the  magnetic 
field  dep^ends  is  interesting.  The  flying  electrons  that  consti- 
tute the  cone  of  rays  that  emanate  from  the  cathode,  being 
electricity  in  motion,  constitute  electric  currents  and  are  acted 
on  as  such  by  the  magnetic  field.  If  the  rays  were  parallel 
and  not  divergent  they  would  pass  through  a  magnetic  field, 
in  a  direction  parallel  to  the  tubes  of  force  undisturbed.  Being 
divergent,  they  have  a  component  motion  at  right  angles  to 
the  magnetic  field  and  behave  just  as  electric  currents  at  right 
angles  to  such  field.  The  consequence  is  that  every  electron 
having  a  divergent  path  through  the  magnetic  field  is  continu- 
ally deflected  by  the  field  at  right  angles  to  the  divergent  com- 
ponent of  its  motion.  The  effect  of  the  magnetic  field  is  thus 
to  whiri  the  electrons  in  circles,  which  when  combined  with 
linear  motion  imparted  by  the  charged  cathode,  produces  as 
a  net  result,  spiral  motions.  By  properly  adjusting  the  posi- 
tion of  the  magnetizing  coil  and  the  amount  of  its  m.m.f., 
it  is  practicable  to  make  each  electron  describe  a  spiral  which, 
in  projection,  appears  somewhat  as  that  drawn  in  Fig.   19. 
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By  this  means  many  more  electrons  are  made  to  pass  through 
the  aperature,  a,  and  to  strike  the  same  luminescent  spot  on 
the  screen,  5  5,  than  would  otherwise  be  the  case.  The  spot 
or  trace  made  by  the  ray-pointer  is,  therefore,  much  brighter 
than  it  would  be  without  the  use  of  the  focussing  coil.  For 
the  rays  near  the  center  of  the  ray-cone  there  is  little  or  no 
divergence;  away  from  the  center  there  is  more  divergence. 
From  the  nature  of  things,  this  method  of  focussing  can  be  made 
true  but  for  one  degree  of  divergence;  it  follows,  therefore,  that 
while  it  is  effective  in  increasing  the  brilliancy  of  the  ray-pointer 
and  in  lowering  the  potential  at  which  the  electrostatic  machine 
must  operate  to  produce  the  discharge,  it  cannot  be  effective 
to  prevent  materially  the  increase  of  the  diameter  of  the  lumines- 
cent spot  which  is  always  from  two  to  three  times  the  diameter 
of  the  aperature.  Nevertheless  it  is  a  great  help  and  should 
always  be  used'.      The  nest  of  power  cards  in  Fig.  13  is  re- 


FiG.  19 

produced  at  about  two-thirds  of  the  size  of  the  originals  as 
they  appeared  on  the  screen  of  the  instrument.  The  little 
circle  at  the  center  is  a  trace  of  the  outer  circumference  of  a 
well  f  ocussed  luminescent  spot  that  produced  the  cards  and  which 
were  recorded  by  tracing  on  smoked  glass  to  the  center  of  the 
band-diagram  formed  by  the  rapidly  moving  luminescent  spot. 

The  most  important   structural 
feature  is  the  manner  of  connecting                  ^Y^\, 
the  negative  electrode  to  the  elec-  


y [     ;       RULDER      ^ 


trostatic  machine.     Ordinary  good  ^^^^ 

quality     automobile    high-tension 

ignition  cable  does  very  well  for  ^ 

this  purpose.     Near  the  tube  the 

ignition  cables  should  be  terminated  by  brass  hooks  in  the 

manner  shown  in  Fig.  20;  and  the  connection  should  be  remade 

3  Physicists  have  long  known  the  general  behavior  of  a  cathode  ray 
injtt  magnetic  field.  The  author  is  indebted  to  Mr.  Robert  Rankin  for 
the  practical  development  of  this  system  of  focussing  the  cathode  ray- 
pointer.  Through  much  originality  and  enterprise,  it  was  worked  up  by 
him  as  a  graduate  student  in  1005. 
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pair  of  by  linking  the  hooks.  Electrostatic  machines  of  the  in- 
fluence type,  have  a  way  of  starting  off  in  an  uncertain  direction. 
The  hooks  provide  a  simple,  satisfactory  means  for  reversing  the 
connection.  A  photograph  of  the  indicator  showing  the  ig- 
nition cables  joined  by  means  of  these  hooks  is  reproduced  in 
Fig.  21.  It  is  important  that  all  external  edges  of  these  hooks 
should  be  formed  with  an  ample  radius  of  curvature  so  as  to 
prevent  atmospheric  conduction  or  corona  loss  discharge  from 


Fig.  21 

the  electrostatic  machine.     Such  loss  when  it  does  occtir  is 
fitful,  and  gives  rise  to  an  irregularly  sustained  ray-pointer. 

The  cathode  terminal  has  a  great  tendency  to  produce  at- 
mospheric conduction  right  at  the  point  where  it  enters  the  glass 
due  of  course  to  the  high  capacity  of  the  glass  which  concentrates 
the  field  through  the  air  films  in  that  region  to  their  breaking 
point,  producing  corona  and  in  consequence  an  irregtdarly 
delivered  ray-pointer.  To  prevent  this  an  ample  insulating 
jacket  must  cover  properly  the  cathode  end  of  the  tube  and  the 
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connecting  cable  as  shown  by  cross  section  at  nnn  n  in  Fig.  18, 
and  again  by  photograph  in  Fig.  19.  The  result  of  much  ex- 
perience with  these  jackets  has  been  to  determine  that  they 
are  best  made  of  paraffin,  laid  on  hot  by  means  of  a  brush, 
layer  upon  layer.  It  takes  about  two  hours  to  build  up  the 
jacket  in  this  way  and  when  done,  it  is  satisfactory  and  will 
last  for  months.  After  the  operation  is  well  under  way  the  pro- 
cess can  be  hastened  by  sticking  on  pieces  of  glass  tubing  or 
good  quality  sealing  wax  and  by  potuing  the  well  dried-out 
paraffin  at  a  temperature  that  is  just  high  enough  to  secure 
ample  fluidity,  into  a  paper  mould  formed  about  the  part  of 
the  jacket  already  in  place.  Experience  in  casting  the  jacket 
complete  in  one  operation  has  not  been  satisfactory. 

When  one  of  the  tubes  is  used  steadily  a  few  hotirs  daily 
for  several  months  the  "  hardening  "  effect  arrives  that  is  known 
to  all  familiar  with  the  X-ray  tube.  This  is  due  to  the  increase 
in  the  vacuum  produced  by  much  use.  When  the  vacuum  is 
too  high,  the  tube  does  not  work  so  well,  chiefly  because  of 
external  corona  loss, — besides  it  is  liable  to  ptmcture.  To 
lower  the  vacuum  a  small  platinum  tube,  p  /,  Fig.  18,  is  sealed 
into  the  cathode  ray  tube  at  one  end;  the  other  end  projecting 
outward  is  closed.  By  osmosis  a  little  hydrogen  may  be  passed 
through  the  platinum  tube  to  the  interior  of  the  cathode  ray 
tube  when  heated  to  red  heat  in  an  alcohol  flame.  The  alcohol 
vapor  conveniently  furnishes  the  hydrogen.  Care  must  be 
used  not  to  admit  too  much  hydrogen  and  thus  lower  the  vacuum 
too  much.  The  best  gauge  of  the  degree  of  vacuum  is  the  electric 
pressure  required  to  set  up  the  cathode  ray-pointer.  The 
discharger  balls  on  the  electrostatic  machine  are  conveniently 
employed  for  this  purpose.  A  spark  at  f  in.  (9.525  mm.)  gap 
or  a  little  less  between  the  discharger  balls  is  a  measure  of  a 
degree  of  vacuum  that  always  gives  excellent  results.  The 
balls  are  fixed  firmly  at  |  in.  (9.525  mm)  separation,  so  that 
in  attempting  to  operate  a  hardened  tube  the  machine  wiU 
discharge  at  the  balls  and  not  through  the  tube.  The  alcohol 
flame  is  then  applied  to  the  platinum  tube  until  it  is  red  hot  and 
immediately  removed  to  await  the  effect.  A  little  time  should 
be  allowed  for  the  newly  admitted  hydrogen  to  disseminate 
throughout  the  tube.  In  a  minute  or  so,  if  the  sparks  have  not 
ceased  between  the  discharger  balls,  a  little  more  hydrogen 
should  be  admitted  by  reappljring  the  alcohol  flame  to  the  plati- 
num tube,  stopping  the  process  each  time,  early,  to  note  the 
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result, — and  so  proceeding  until  the  vacuum  is  lowered  to  the 
desired  point,  the  ray  pointer  has  been  reestablished  and  the 
sparks  between  the  discharger  balls  have  ceased. 

A  record  may  be  made  of  the  diagrams  indicated  on  the 
screen  of  the  instnunent  by  photography  or  by  hand  tracing, 
either  from  the  front  or  back  of  the  screen.  From  the  front 
the  view  is  necessarily  at  an  angle.  Distortion  is  avoided  by 
fixing  the  plane  of  the  recording  plate  or  sheet  parallel  to  the 
plane  of  the  instrument  screen.     The  most  convenient  method 


Fig.  22 

that  experience  thus  far  has  developed  is  to  use  a  lightly  smoked 
glass  motmted  on  a  small  table  or  hand  rest  next  to  the  body 
of  the  tube  which  must  be  mounted  as  shown  in  Figs.  21  and  22. 
A  peep-sight  as  there  shown  fixes  the  point  of  view.  The  little 
table  is  made  in  the  form  of  a  shallow  oblong  box  with  ends 
opened  and  lined  with  white  paper.  At  the  middle  an  opening 
is  cut  and  arranged  so  that  the  smoked  glass  can  be  mounted 
on  the  under  part.  Thus  light  can  be  admitted  from  incandes- 
cent lamps  at  the  ends  so  as  to  shine  on  the  point  of  a  marking 
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Stick  to  assist  the  eye  in  making  the  record.  Many  methods 
are  available  for  making  these  records  including  the  use  of  the 
pantagraph,  planimeter,  etc. 

As  to  the  electrostatic  machine:  Any  good  make  of  Wims- 
hurst  type  electrostatic  machine,  having  four  or  more  pairs 
of  plates,  15  in.  (38 . 1  cm)  in  diameter  or  larger,  of  hard  rubber, 
glass  or  mica,  will  do  very  well. 

For  work  in  the  daylight  it  will  be  necessary  to  exclude  the 
light  very  largely  from  the  instrument  and  recording  table. 
This  may  be  conveniently  done  by  means  of  a  cloth  hood  held 
in  place  at  the  top  by  a  drawing-in  tape,  parted  and  closed  with 
hooks  and  eyes,  furnished  with  openings  to  admit  the  ends  of 
the  recording  table  and  a  sleeve  to  admit  the  recording  arm 
of  the  observer,  as  shown  in  Fig.  22. 

As  already  referred  to:  it  is  best  to  cover  the  electrostatic 
machine  with  a  grounded  metal  net  so  that  stray  fields  from 
the  high-tension  circuit  will  not  interfere  with  its  work.  It 
is  best  to  look  careftdly  to  the  setting  of  the  instrument  or  to 
protect  it  by  grounding  metal  nets,  so  as  to  relieve  it  from 
interference  from  the  same  cause.  Again  it  is  well  to  keep  the 
ignition  cables  that  connect  the  instrument  to  the  electro- 
static machine  free  from  vibrations  because  the  stray  field  they 
carry  will  correspondingly  sway  the  position  of  the  ray-pointer; 
or  better,  their  stray  field  may  be  shut  out  also  by  means  of 
a  properly  mounted  metal  grounded  net. 

The  Cathode-Ray  Power  Diagram  Indicator  Operated 
AS  AN  Oscillograph 
It  is  often  desirable  to  know  the  wave  forms  of  the  e.  m.  f. 
or  cturent  employed  in  the  high-tension  insulation  tests  or 
other  work  for  which  the  electrostatic  power  indicator  may  be 
employed.  This  is  easily  accomplished  for  the  e.m.f.  wave 
by  short-circuiting  out  the  indication  of  the  current-velocity 
field.  The  ray-pointer  then  has  simply  a  displacement  motion 
that  is  proportional  to  the  e.m.f.  from  instant  to  instant. 
The  wave  form  drawn  in  the  familiar  rectangular  components 
may  be  viewed  through  a  synchronously  revolving  mirror 
such  as  is  employed  in  connection  with  the  common  Dudell 
type  of  oscillograph.  Or  it  may  be  made  to  trace  its  time 
card  by  applying  a  sine-wave  pressure  tapped  from  a  sine-wave 
current    source*  to   the  current-velocity   quadrants.    As  the 

4  The  Cathode  Ray  Alternating  Current  Wave  Indicator,  by  Harris 
J.  Ryan.     Transactions  A.I.E.E.,  Vol.  XXII,  p.  639,  1903. 
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third  harmonic  is  almost  invariably  absent  from  the  ordinary 
three-phase  source,  pressure  tapped  from  one  of  the  phases 
of  such  a  source  will  be  approximately  sine-wave,  and  may 
be  applied  to  the  velocity  quadrants  in  lieu  of  the  true  sine- wave 
pressure  to  develop  the  oscillogram  of  the  e.m.f.  where  great 
refinement  is  not  necessary. 

To  produce  an  oscillogram  of  the  current,  non-inductive 
resistances,  having  values  equal  to  the  reactances  of  the  ve- 
locity-condensers should  be  substituted  in  lieu  thereof.  De- 
flections of  the  ray-pointer  will  then  be  produced  that  are 
proportional  to  the  instantaneous  values  of  the  current.  The 
current  wave  form  may  then  be  observed  and  recorded  by 
means  of  the  revolving  mirror,  or  the  current  may  be  made  to 
produce  its  oscillogram  by  substituting,  in  convenient  phase, 
a  sine-wave  pressure  for  the  line  pressure  that  was  cut  off  from 
the  corresponding  quadrants  when  the  start  was  made  to  oscil- 
lograph the  current.  Unless  the  pressure  necessary  to  actuate 
the  ray-pointer  is  small  compared  with  the  total  impressed 
pressure  this  method  will  introduce  errors  that  are  small  to 
begin  with  and  which  increase  in  an  obvious  mannner  as  the 
difference  between  the  two  pressures  grow  less.  This  may  be 
avoided  altogether  by  taking  an  oscillogram  of  the  current- 
velocity  movement  of  the  ray-pointer  which  will  not  be  so  easy 
to  interpret  but  which  will  have  introduced  no  error. 

The  Magnetically  Operated  Power  Diagram  Indicator. 
A  number  of  years  ago  Dr.  D.  K.  Morris  at  the  University 
of  Birmingham,  England,  by  the  combined  action  of  two  Dudell 
oscillographs,  produced  hysteresis  cards  from  closed  laminated 
magnetic  drctiits  actuated  by  alternating  cturents.  To  do  this 
the  magnetizing  current  was  passed  through  one  oscillograph 
and  through  the  other  a  current  was  passed  that  was  generated 
by  a  secondary  coil  mounted  over  the  closed  magnetic  circuit 
and  controlled  by  an  inductance,  as  pure  as  it  is  practical  to 
make.  The  ray-pointer  of  light  was  reflected  from  the  mirror 
of  one  instrument  and  then  from  that  of  the  other  by  a  suitable 
arrangement  of  optical  facilities  so  as  to  trace  on  the  observing 
screen  or  recording  plate  a  card  of  the  hysteresis  present  in  the 
closed  magnetic  core. 

It  is  easy  to  perform  this  same  experiment  by  means  of  the 
magnetically  operated  cathode  ray  oscillograph.  One  instru- 
ment does  the  work  because  the  cathode  ray  pointer  will  at  once 
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follow  both  rectangular  displacements,  one  proportional  to 
the  magnetizing  current  and  the  other  proportional  to  the  core- 
flux  present.  This  was  done  in  the  Cornell  laboratories  for 
purposes  of  instruction  in  1905.  It  was  not  recognized,  how- 
ever, at  the  time  that  such  an  instrument'  is  inherently  a  power 
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Fig.  23 

diagram  indicator  and  that  it  behaves  as  such  when  connected 
as  in  Fig.  23. 

The  theory  of  this  indicator  is  precisely  the  same  as  that  for 
the  electrostatic  type  except  that  magnetic  fields  are  used  in 
lieu  of  electric  fields,  and  current  and  e.  m.  f.  have  exchanged 


Fig.  24 

duty  in  producing  the  displacement  and  velocity  movements 
of  the  ray-pointer,  i.  e,  in  the  magnetic  power  indicator  the  ray 
pointer  is  given  a  displacement  that  is  in  proportion  to  the  line 
current  and  a  quadrature  velocity  that  is  proportional  to  the 
impressed  e.  m.  f.  for  a  current  that  is  controlled  entirely  by 
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inductance  varies  at  a  rate  that  is  proportional  to  the  impressed 
e.  m.  f.,  or 

_   di 

^^  dt 

Finally  it  is  apparent  that  a  combination  static-magnetic 
power  diagram  indicator  should  be  possible  and  practicable. 
One  such  form  that  has  suggested  itself  is  shown  diagramatically 
in  Fig.  24  wherein  the  reactance  of  the  pressure  velocity  con- 
densers Cv  Cv'  must  be  small  compared  with  the  value 
of   the   non-inductive,    noncondensive   controlling   resistances, 

This  investigation  was  undertaken  to  provide  a  satisfactory 
electrostatic  power  diagram  indicator  to  be  employed  to  detect 
and  measure  stray  power  losses  that  occur  in  and  often  injure 
dielectrics  employed  in  high-tension  practice.  There  was  no 
thought  to  produce  a  corresponding  magnetic  form  of  instru- 
ment. It  came  along  with  the  undertaking  as  a  sort  of  by-pro- 
duct and  as  yet  no  important  need  of  it  has  been  discovered. 
Doubtless  in  time  it  may  prove  to  be  of  particular  value  in 
certain  classes  of  work. 

The  author  is  happy  to  employ  this  opportunity  to  acknow- 
ledge his  indebtedness  to  his  co-workers,  Professors  S.  B.  Chart- 
ers, Jr.,  and  W.  A.  Hillebrand,  for  their  hearty  cooperation 
in  making  the  trying  out  experiments  herein  reported  and  to 
the  authorities  of  Leland  Stanford  Jr.  University  who  approved 
the  purchase  of  the  equipment  required  for  work  of  this  character. 
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Discussion  on   "  A   Power   Diagram   Indicator  for  High 
Tension  Circuits,"  Los  Angeles,  Cal.,  April  27,  1911. 

E.  F.  Scattergood:  I  understand  that  this  instrument  is 
quite  easily  moved  and  therefore  available  for  investigations  in 
the  field  and  I  would  like  to  hear  something  further  in  regard 
to  the  portability  of  the  instrument.  I  feel  that  the  profession 
is  greatly  indebted  to  Professor  Ryan  for  the  instrument  which 
he  has  developed  and  presents  as  well  as  for  the  practical  results 
he  has  secured  from  its  use  and  presented  by  him  last  January. 

C,  L.  Cory:  I  think  you  will  agree  with  me  that  as  Professor 
Ryan  outlined  to  us  the  details  of  this  instrument  we  enthusiasti- 
cally admired  the  manner  in  which  the  result  has  been  ac- 
complished. Professor  Ryan  stated  that  in  general  the  measure- 
ment of  one  watt  at  100,000  volts  is  of  little  consequence  in  the 
practical  operation  of  transmission  systems.  However,  we  are 
interested  quite  as  much  in  being  able  to  measure  the  indefinitely 
small  quantities  here  indicated  as  we  are  in  the  accuracy  of  the 
measurement  of  the  quantities  ordinarily  of  interest  in  such 
systems.  In  his  experimental  work  he  has  measured  power  at 
9,000  volts  amotmting  to  only  0.03  of  a  watt.  This  would 
correspond  at  unity  power  factor  with  a  current  of  1/300,000 
of  an  ampere.  We  are  with  this  instrument  capable  of  mea- 
suring the  three  himdred  millionth  part  of  the  output  of  a  modem 
3,000  kilowatt  steam  turbine  alternator,  and  it  is  quite  as  im- 
portant sometimes  to  be  able  to  measure  these  very  smaU  quan- 
tities as  it  is  to  accurately  measure  the  larger  quantities. 

The  instrument  allows  a  beautiful  analogy  to  the  steam  engine 
indicator.  We  have  a  horizontal  line  on  the  bottom  which  cor- 
responds to  the  line  of  atmospheric  pressure.  We  have  a  vertical 
line  which  corresponds  to  the  variation  of  pressure.  In  Fig.  7, 
where  the  pressure  approaches  40,000  volts,  the  diagonal  line 
shows  no  energy.  Beyond  this  the  two  areas,  one  larger  than 
the  other,  indicates  at  which  point  the  "  thing  turns  around  the 
comer  ",  so  to  speak.  The  instrument  is  one  which  it  seems  to 
me  will  have  wonderful  practical  application.  We  have  had 
indicated  to  us  directly  how  insulators  may  be  tested  and  I  dare 
say  we  might  quite  as  well  use  it  to  determine  the  dielectric 
constant  of  condensers.  It  is  applicable  to  ordinary  voltages 
quite  as  much  as  it  is  to  our  highest  practical  voltages.  After 
all,  that  which  is  probably  the  greatest  attainment,  however,  is 
the  beautiful  and  accurate  method  whereby  it  is  possible  to 
measure  accurately  on  the  very  highest  voltage  systems  the 
smallest  possible  quantities  and  in  addition  to  ascertain  what  is 
happening  on  the  line  as  a  result  of  the  action  of  such  small 
quantities  of  energy. 

J.  J.  Frank:  I  see  practical  value  in  the  use  of  this  instru- 
ment in  meastiring  losses  at  high  potentials.  At  present  we 
have  no  satisfactory  means  of  measuring  such  high  potentials 
because  our  instruments  do  not  follow  the  variations  in  the 
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wave-shapes  of  potentials.  The  only  instrument  we  have  is  the 
spark-gap. 

If  this  instrument  of  Professor  Ryan's  does  recognize  the 
wave-shape,  it  will  certainly  be  of  value  in  measuring  losses  on 
lines,  in  cables,  dielectrics,  oil  and  insulators,  which  is  one  of  the 
important  studies  we  now  have  before  us  in  connection  with  high 
voltage  transformers. 

Ralph  D.  Mershon:  Professor  Ryan  spoke  in  a  very  off-hand 
way  of  getting  a  known  high  voltage  load  with  which  to  calibrate 
his  instrument.  I  have  often  endeavored  to  get  such  a  load 
that  would  be  above  suspicion,  but  have  never  succeeded.  If 
Professor  Ryan  has  devised  some  means  of  getting  a  high  voltage 
load  that  will  remain  constant,  and  can  be  accurately  measured, 
I  shall  be  glad  if  he  will  tell  us  of  it. 

I  should  like  to  ask  Professor  Ryan  whether  he  has  investi- 
gated, by  means  of  this  instrument,  the  effect  of  moisture  on  the 
corona. 

I  desire  to  take  this  opportunity  of  expressing  my  appreciation 
of  this  paper,  and  my  admiration  for  the  work  it  evidences. 
With  Professor  Cory,  I  think  the  sensitiveness  and  accuracy 
arc  most  astonishing,  and  should  lead  to  extremely  valuable 
results.  An  instrument  of  this  sort  should  be  well  adapted  to 
the  study  of  insulation  and  what  happens  when  it  is  subjected 
to  electrostatic  stresses.  At  the  present  time  our  knowledge 
in  regard  to  dielectrics  is  comparatively  limited.  I  believe  one 
of  the  greatest  problems  before  the  Electrical  Engineer  today 
is  the  problem  of  insulation;  that  there  is  a  possibility  for  great 
improvement  over  what  we  have  now.  What  we  would  like 
to  have,  is  an  insulating  material  that  can  be  worked  like  metal, 
and  that  will  stand  the  temperatures  most  metals  will,  so  that  we 
can  run  our  apparatus  at  something  like  the  temperatiu-e  of  a 
steam  engine.  It  seems  to  me,  the  further  we  get  away  from 
organic  substances  the  more  nearly  will  we  approach  a  satis- 
factory solution  of  the  insulation  problem. 

H.  J.  Ryan:  I  will  take  these  questions  up  in  the  order  in 
which  they  were  given.  As  to  the  portability  of  this  apparatus: 
In  its  present  stage  of  development  it  is  not  very  portable.  An 
American  instrument  maker  is  now  investigating  it  with  a  view 
to  placing  it  on  the  market  in  a  portable  form  should  that  be 
found  practicable.  In  1901  I  transported  an  outfit  of  substan- 
tially this  same  sort  from  Cornell  to  Columbia  to  operate  it 
magnetically  as  an  oscillograph  at  the  conversazione  given  by 
the  American  Institute  of  Electrical  Engineers.  In  1905  I 
again  transported  a  similar,  though  a  much  more  complete  outfit 
from  Ithaca  to  Pittsburg  to  deliver  an  illustrated  lecture  at  the 
Electric  Club  on  the  uses  of  the  cathode  ray  oscillograph. 
Those  two  experiences  demonstrated  that  the  outfit  referred  to  in 
this  paper  can  be  considered  as  portable  equipment,  though  it  is 
certainly  a  long  way  from  constituting  a  portable  instrument  jn 
its  present  form, 
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I  began  ten  years  ago  to  look  for  a  feasible  electrostatic  power 
diagram  indicator.  My  great  regret  now  is  that  largely  through 
a  feeling  that  such  a  thing  was  perhaps  impossible,  I  failed  to 
realize  that  I  had  at  hand  all  the  while  the  necessary  expedients. 
These  were  employed  just  as  soon  as  the  principles  were  worked 
out  upon  which  the  power  diagram  indicator  must  operate. 

Referring  to  Mr.  Frank's  question  as  to  whether  this  instru- 
ment will  recognize  wave  forms — it  will  do  that  very  nicely. 
Alternating  voltage  applied  between  one  pair  of  quadrants  only 
will  cause  the  ray-pointer  to  oscillate  and  the  true  voltage  wave 
form  may  be  observed  by  looking  at  the  band  of  light  thus  pro- 
duced on  the  screen.  To  do  this  transmit  the  image  of  the  mov- 
ing spot  to  the  eye  through  the  usual  synchronous  vibrating 
mirror.  If  preferred  the  ray-pointer  may  be  given  a  sine-wave 
motion  in  quadrature  with  the  motion  imparted  to  it  by  the 
voltage.  Thus  an  open  card  is  formed  of  a  known  and  an  un- 
known motion.  In  that  way  the  unknown  voltage  wave  form 
that  imparted  the  corresponding  motion  to  the  ray  pointer  be- 
comes known.  We  can  all  realize  this  by  remembering  the 
steam  engine  indicator  card.  There  the  horizontal  motion  being 
reduced  from  the  piston  motion  is  known.  The  vertical  motion 
produced  by  the  steam  pressure  is  unknown  until  the  indicator 
card  is  produced  by  combining  both  motions  when  it  is  made 
known  also.  A  sine  wave  current  for  this  purpose  is  obtained 
by  means  of  a  '*  wave  filter  "  described  in  my  paper  on  the  cathode 
ray  oscillograph  read  at  the  1903  Niagara  Falls  meeting.  The 
ray-pointer  is  actuated  magnetically  by  such  current.  If  you 
are  making  accurate  measurements  of  this  kind,  you  would  have 
to  go  into  a  careful  arrangement  of  the  electrodes  mounted  on 
the  walls  of  the  tube  in  order  to  make  the  spot  deflect  accurately 
in  all  regions;  that  is,  to  make  the  quadrature  deflections  in 
all  regions  proportional  to  the  applied  potential  differences. 
That  means  not  using  a  plate  bent  around  the  tube  for  the 
electrodes,  but  using  parallel  wires  and  distributing  them  around 
the  tube  until  the  electric  field  therein  is  entirely  uniform  within 
the  range  in  which  you  are  using  it.  For  all  ordinary  work  the 
quadrant  will  not  have  to  be  given  such  special  construction. 

As  to  objection  to  the  internal  losses  in  the  high-tension  circuit 
of  the  transformer  when  you  apply  the  velocity  to  the  con- 
densers at  the  center  of  the  same,  instead  of  at  the  center  of  the 
samples:  If  the  oil  is  clean,  newly  treated,  has  not  been  in  the 
service,  you  will  not  find  a  loss  such  as  you  may  expect.  If. 
however,  the  transformer  is  not  in  this  condition,  i.e.,  the  oil  has 
not  been  treated  and  put  into  proper  condition  for  a  test  of  this 
kind,  then  you  obtain  an  area  there  that,  under  some  circum- 
stances, I  am  pretty  clear  could  be  cared  for  by  subtracting;  but 
it  was  on  that  account  that  I  went  after  this  method  of  using 
the  sample  itself  only  that  is  by  working  at  the  center  of  the 
sample.     (See  Fig.  8.) 

Replying  to  Mr.  Mershon's  question  as. to  what  extent  we 
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may  use  this  instrument  for  measuring  high-tension  line  losses 
due  to  inphase  current  through  the  atmosphere — i.e.^  corona 
formation. 

We  made  some  use  of  the  instrument  for  corona  loss  measure- 
ments and  have  found  that  it  does  very  well  for  such  piu-pose. 
Measurements  of  sub-corona  atmosphere  line  losses  are  difficult 
always  because  of  the  low  power  factor  present.  The  instru- 
ment as  it  stands  in  this  paper  is  at  a  corresponding  disad- 
vantage. When  the  power  factors  are  small,  one  to  two  per  cent, 
for  example  the  corresponding  power  card  is  inconveniently 
elongated.  To  obviate  this  difficulty  we  have  tried  out  an  ar- 
rangement of  velocity  condenser  that  makes  use  of  some  of  the 
line  voltage  for  compensating  the  elongating  ejBfect  of  the  reactive 
power.  We  found  that  this  can  be  done  and  that  wider  cards 
can  thus  be  obtained  to  indicate  losses  that  occur  at  very  low 
power  factors  and  which  otherwise  wotdd  produce  long  narrow 
inconvenient  and  correspondingly  inaccurate  cards. 

As  to  the  axes  not  being  at  right  angles  in  Fig.  6,  that  is  due 
to  the  fact  that  our  original  try-out  tests  were  just  to  see  whether 
the  thing  would  work.  This  was  all  done  last  spring.  If  we 
had  had  any  notion  in  advance  that  the  method  would  have 
worked  out  in  this  way,  we  would  have  taken  a  little  more  care. 
The  quadrants  were  held  to  the  outer  walls  of  the  tubes  by  rubber 
bands;  they  did  not  produce  electrostatic  fields  that  are  exactly 
at  right  angles  to  one  another  because  no  effort  was  made  to 
adjust  them  with  exactness.  These  try-out  integrity  tests  were 
made  with  this  careless  mounting  of  the  electrodes,  for  the 
reason  that  I  thought  the  apparatus  would  go  into  use,  if  at  all, 
as  something  that  we  could  bring  together  with  comparative 
ease.  As  a  matter  of  fact,  it  turned  out  much  better  in  this 
respect  than  was  anticipated.  I  did  not  have  the  time  to  make 
special  tests  for  this  paper,  but  took  the  tests  which  we  had  made 
in  our  former  work.  They  are  just  as  they  were  made  in  the 
original  trials  when  we  undertook  to  see  how  the  method  would 
work. 

C.  L.  Cory:  I  would  like  to  ask  Professor  Ryan  if  the  funda- 
mental work  has  not  already  been  done  to  a  sufficient  degree  so 
that  we  may  very  properly  anticipate  the  use  of  this  instrument, 
properly  installed  in  commercial  shape,  in  a  substation  for  in- 
stance, so  that  experiments  may  be  made  on  long  distance  trans- 
mission systems  at  different  frequencies  from  20  to  60  cycles 
and  at  different  voltages  from  perhaps  30,000  up  to  150,000  volts, 
not  only  on  transmission  lines  which  are  practically  level  but  on 
those  crossing  moimtain  ranges  in  which  the  different  parts  of 
the  line  are  subject  to  atmospheric  conditions  which  vary  with 
the  altitude. 

What  I  am  trying  to  bring  out  is  the  practicability  of  the 
instrument  to  determine  questions  not  heretofore  capable  of 
satisfactory  treatment. 

Is  it  not  true  that  the  results  to  date  indicate  the  possibility 
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of  the  use  of  the  instrument  permanently  installed  in  a  substation 
for  experiments  on  long  lines  in  place  of  the  one  only  100  feet 
in  length  as  used  in  your  laboratory. 

H.  J.  Ryan :  I  think  that  can  be  done.  I  believe,  for  my  own 
part,  it  will  be  reduced  to  such  convenient  form. 

R.  W.  Sorensen:  Am  I  correct  in  my  understanding  that 
with  an  arrangement  such  as  is  shown  in  Fig.  23,  the  indicator 
can  be  used  for  measuring  the  core  loss  occurring  in  the  trans- 
former shown  as  load. 

H.  J.  Ryan :  The  method  given  in  that  figure  is  for  low-ten- 
sion work  entirely  and  it  was  put  in  h^re  to  round  out  this 
general  scheme.  If  you  can  get  a  proper  inductive  control  of 
the  current  in  the  circuit  **  L  '*  then  the  area  of  the  card  should  be 
proportional  to  the  power  that  is  applied  to  the  circuit.  The 
ray-pointer  will  then  have  a  velocity  proportional  to  pressure 
and  not  proportional  to  current ;  and  it  will  have  a  displacement 
[proportional  to  current. 

R.  W.  Sorenson:  In  Fig.  8,  for  instance,  the  sketches  marked 
'*  T  ",  etc.,  I  presume  are  parts  of  a  transformer. 

H.  J,  Ryan:    That  is  correct. 

R.  W.  Sorensen :  Would  you  measure  on  the  transformer  the 
loss  due  to  the  dielectric  hysteresis,  if  the  pans  containing  the 
oil  sample  were  removed? 

H.  J.  Ryan:  If  the  sample  were  disconnected  the  ray- 
pointer  would  be  given  no  velocity  displacement,  it  would  have 
a  pressure  displacement.  A  band  of  light  would  be  formed  on 
the  screen  due  to  such  displacement  being  proportional  to  the 
terminal  voltage  of  the  transformer. 

R.  W.  Sorensen:  Then  in  Fig.  4 — what  would  we  get  there, 
that  we  would  not  get  with  connections  like  Fig.  8,  with  the 
sample  pans  of  oil  left  out. 

H.  J.  Ryan:  In  Fig.  4  with  no  test  specimen  or  other  load 
connected  the  ray-pointer  would  be  given  a  velocity  movement 
proportional  to  the  internal  capacity  charging  current  of  the 
transformer  and  it  would  be  given  a  displacement  at  right  angles 
to  such  velocity  proportional  to  the  transformer  terminal 
voltage.  The  resiilt  would  be  a  card  that  woiild  constitute  a 
certain  kind  of  measure  of  the  high  voltage  dielectric  loss  in  such 
transformer. 

R.  W.  Sorensen:  The  reason  I  asked  these  questions  was 
that  about  two  years  ago  I  tried  to  find  out  what  was  happening 
in  a  high  voltage  transformer.  That  is,  it  seemed  to  me,  ac- 
cording to  some  work  we  had,  that  there  is  always  a  certain 
amount  of  energy  transmitted  through  the  dielectric.  In  some 
instances,  it  does  not  amount  to  much.  In  the  case  I  have  in 
mind  the  transformer  happened  to  have  four  sections.  When 
those  four  sections  were  in  series,  there  was  three  to  five  per  cent 
more  core  loss  by  test  than  when  those  windings  were  broken  up 
in  sections.  I  said  the  greater  part  of  that  must  be  dielectric 
hysteresis  loss.     What  I  am  getting  at  is,  can  we  measure  with 
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your  instrument  the  dielectric  hysteresis  loss  only  and  thus 
eliminate  the  error  of  subtracting  one  large  quantity  from 
another  to  get  a  small  one  as  was  done  in  the  test  to  which  I  refer? 

H.  J.  Ryan:  If  you  lay  the  case  of  the  transformer  open, 
even  in  the  California  climate  during  the  summer,  it  will  show  you, 
in  a  hurry,  a  nice  fat  card. 

R.  W.  Sorensen:  But  it  measures  only  the  hysteresis  loss; 
and  not  any  other  losses? 

H.  J.  Ryan:  Yes,  it  measures  only  the  dielectric  hysteresis 
loss.  Certainly  such  is  the  case  after  subtracting  the  P  R  loss 
that  occurs  in  the  high  tension  winding  due  to  the  circulation  of 
the  internal  capacity  charging  current.  Unless  the  oil  is  in  the 
very  best  possible  condition  such  dielectric  loss,  we  have  found 
may  be  considerable. 
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THE  USE  OF  POWER-LIMITING   REACTANCES  WITH 
LARGE  TURBO-ALTERNATORS. 


BY   R.    F.    SCHUCHARDT   AND   E.    O.    SCHWEITZER 


Introduction 

In  large  electric  power  systems  the  maintenance  of  a  very  high 
degree  of  reliability,  that  is,  continuity  and  uniformity  of  service, 
must  be  the  constant  aim  and  is  one  of  the  principal  problems 
of  the  engineer.  While  the  problems  during  the  earlier  years 
of  central  station  work  often  appeared  very  difficult,  the  advent 
of  the  large  capacity,  high-speed  turbo-generators  coupled  to 
systems  containing  hundreds  of  miles  of  transmission  lines, 
made  them  much  more  complex  and  they  took  on  a  far  more 
serious  aspect. 

The  question  most  actively  before  some  of  the  larger  electric 
power  companies  at  the  present  time  is  that  of  limiting  the 
amount  of  energy  which  can  flow  into  a  fault.  The  solution  in 
some  instances  of  present  turbo-generator  installations  will 
probably  be  the  installation  of  current  limiting  reactances.  It  is 
the  purpose  of  this  paper  to  present  some  of  the  data  obtained 
during  a  long  series  of  unusual  tests  made  during  February, 
March  and  April  of  this  year,  on  such  reactances  in  conjunction 
with  a  large  turbid-generator  and  to  offer  a  few  conclusions  based 
on  the  results.. 

Evolution  of  Engineering  in  the  System  of  a  Large  City 
In  tracing  the  various  steps  in  the  evolution  of  the  engineering 
with  respect  to  provisions  for  safe-guarding  the  generating  ap- 
paratus, the  writers  naturally  cite  the  experience  of  the  system 
with  which  they  are  most  familiar,  namely,  that  of  the  Common- 
wealth Edison  Company  and  its  predecessor  companies.     The 
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troubles  of  the  stations  of  the  early  years  are  quite  well  known 
and  in  the  light  of  present  knowledge  were  comparatively  simple. 
No  time  will  be  taken  in  this  paper  for  their  consideration.  This 
applies  to  stations  down  to  and  including  the  time  of  slow-speed 
alternators  direct  coupled  to  reciprocating  engines  and  feeding 
a  transmission  system  of  some  considerable  size.  It  was  not 
until  the  introduction  of  the  high-speed  turbo-alternators  that 
serious  troubles  were  experienced  which  indicated  that  these 
later  units  had  characteristics  quite  different  from  those  of  their 
engine-driven  predecessors. 

The  experience  in  Chicago  during  the  past  eight  years,  that  is, 
since  the  operation  of  the  Fisk  Street  Station  with  its  pioneer 
5000-kw.  turbo-generators  was  begun,  showed  an  increasing 
severity  in  the  disturbances  (due  to  apparatus  and  cable  break- 
downs) with  the  growth  of  the  stations  and,  therefore,  ap- 
parently due  to  the  increase  in  generator  capacity.  This  can 
perhaps  be  better  appreciated  when  we  remember  that  previous 
to  October,  1903,  the  total  capacity  in  high  voltage  alternators 
on  the  system  of  the  then  Chicago  Edison  Company  amounted  to 
9800  kw.,  while  in  October,  1911,  the  total  capacity  of  the  three 
large  stations  will  aggregate  about  250,000  kw. 

The  original  5000-kw.  generators  at  Fisk  Street,  of  which 
there  were  four,  had  their  neutrals  grounded  solidly.  These 
were  all  9000-volt  six-pole  ntiachines  operating  at  500  rev.  per 
min.  The  fifth  unit  to  be  installed  was  of  larger  capacity  and, 
having  four  poles,  operating  at  a  speed  of  750  rev.  per  min. 
It  was  found  that  with  the  neutral  of  this  fifth  unit  closed  to 
ground  a  comparatively  heavy  cross  current  flowed  between  it 
and  the  other  units,  and  a  neutral  resistance  of  approximately 
2 J  ohms  was  installed  on  the  new  unit.  This  resistance  in- 
cidentally served  to  limit  the  current  which  would  flow  into 
grounded  apparatus  or  cable  (**  Y  V.  pressure  of  the  generators 
is  5200  volts).  All  additional  units  were,  therefore,  provided 
with  neutral  resistances  and  later  the  solid  connections  to 
ground  of  the  four  original  units  were  removed.  To  further 
limit  the  current  flowing  into  a  single-phase  fault,  the  neutral 
was  closed  on  only  one  of  the  units  operating  on  the  system. 
With  the  continually  increasing  capacity  the  exact  effect  of  these 
various  changes  could,  of  course,  not  be  determined,  as  break- 
downs in  apparatus  or  in  cable  do  not  occur  with  great  frequency 
and  in  most  cases  the  conditions  are  so  involved  that  the  effects 
cannot  be  accurately  analyzed.     It  is  easily  seen,  though,  that 
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these  various  steps  must  have  served  to  reduce  the  energy  flowing 
into  a  single  phase  fault. 

Disturbances  were,  however,  still  of  sufficient  severity  oc 
casionally  to  have  a  widespread  effect  and  the  system  was,  there- 
fore, divided  into  sections  so  that  a  fault  was  reduced  in  severity 
and  limited  to  one  section,  leaving  the  remainder  of  the  system 
undisturbed.  This  was  going  back  in  part  to  the  original  method 
of  operating  this  station,  each  unit  initially  having  fed  only  its 
own  lines  independent  of  the  other  units.  The  maximum  ca- 
pacity now  permitted  on  each  section  was  set  at  50,000  kw. 
Even  with  these  precautions,  however,  severe  disturbances  oc- 
curred and  especially  at  times  when  the  generator  armatiu-es 
themselves  developed  faiilts.  In  the  four  years  from  1906  to 
1909  inclusive,  there  were  seven  generator  bum-outs,  all  of  which 
caused  a  temporary  shut-down  of  part  or  all  of  the  substation 
apparatus  on  the  section  to  which  the  particular  generator  was 
connected.  The  storage  batteries,  of  course,  meanwhile 
maintained  the  service  in  the  direct-current  districts.  In  practi- 
cally all  of  these  cases  the  armature  end  turns  were  torn  loose 
and  the  windings  were  pretty  well  wrecked.  It  was  then  ap- 
preciated more  strongly  than  ever  before  that  a  more  rigid  con- . 
struction  of  the  generator  was  necessary  and  the  armatiu-es 
were  rewotmd  with  a  new  form  of  coil  with  a  very  much  im- 
proved arrangement  of  end  turns;  also,  one  coil  was  laid  in  a 
slot  instead  of  two,  as  in  the  former  winding.  The  experience 
thus  far  apparently  indicates  that  this  improvement  is  satis- 
factory. With  severe  short  circuits  the  switches  continued  oc- 
casionally to  give  considerable  trouble  and  in  one  or  two  in- 
stances actually  failed. 

On  the  20,000  volt  system  fed  normally  through  two  5000-kw. 
transformers  from  the  9000-volt  system  which  transformers 
originally  had  a  reactance  of  approximately  2^  per  cent,  cable 
breakdowns  in  four  instances  caused  disastrous  results  within 
the  transformer,  completely  wrecking  part  of  the  A^dnding. 

Need  for  Increased  Reactance 
The  absolute  necessity  for  reducing  the  current  which  can 
flow  into  a  fault  was  now  very  clear.  As  this  current  is  a  function 
of  the  reactance  of  the  circuit  it  was  apparent  that  the  reactance 
must  be  increased.  The  transformers  were  rewound  in  a  manner 
to  give  an  internal  reactance  of  approximately  4 J  per  cent.  An 
additional  amount  could  be  added  externally.     In  the  case  of 
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the  generators  the  higher  vaUie  of  reactance  could,  of  course,  be 
taken  care  of  in  new  designs.  In  new  units  of  very  large  capacity 
it  was  thought  best  to  divide  the  desired  total  reactance  between 
the  generator  itself,  winding  it  for  comparatively  low  voltage, 
and  an  auto-transformer  which  would  serve  to  step  up  the  voltage 
to  the  required  vakie.  The  major  duty  of  withstanding  the 
shocks  caused  by  system  disturbances,  was  thus  placed  on  a 
de\dce  external  to  the  generator.  In  the  case  of  existing  imits 
the  additional  reactance  could  best  be  supplied  by  the  use  of 
external  coils  which  would  serve  also  as  a  buffer  against  potential 
risk  and  relieve  the  generator  of  excessive  short  circuit  strains. 
The  installation  of  an  induction  generator  would  have  introduced 
numerous  complications  and  was,  therefore,  not  considered. 

Reactances  for  Transformers 
For  the  transformers  above  mentioned,  further  additional 
reactance  was  provided  in  the  form  of  external  coils  of  approxi- 
mately 4  per  cent  reactance  (that  is,  designed  to  absorb  4  per 
cent  of  the  "  Y  **  voltage  at  full  load  current).  These  were 
connected  in  series  on  the  primary  or  9000  volt  leads.  They  have 
now  been  in  service  nearly  two  years  and  during  that  time  the 
transformers  have  successfully  withstood  a  number  of  short 
circuits  of  a  kind  which  previously  had  caused  them  to  be 
wrecked. 

Reactances  for  Generators 

In  the  case  of  the  generators  the  installation  of  reactances 
presented  a  far  more  serious  problem.  There  was  a  natural 
hesitancy  at  the  beginning  in  installing  apparatus  on  which  so 
little  definite  knowledge  was  available  and  which  required  a 
considerable  outlay  of  money  for  its  installation.  In  order  to 
house  the  coils  at  Fisk  Street,  for  instance,  an  addition  was  re- 
quired along  the  entire  length  of  the  switch  house,  while  at 
Quarry  Street  where  there  are  four  25-cycle  units  of  14,000-kw. 
capacity  each,  part  of  an  excitation  storage  battery  had  to  be 
moved  and  material  structural  changes  made  to  provide  the 
necessary  room. 

Purpose  of  and  Preparation  for  Tests 
In  view  of  the  large  investment  required  and  the  possible 
hazards  that  might  result,  it  was  deemed  desirable  to  learn  more 
about  the  actual  behavior  of  the  proposed  coils  and  their  effec- 
tiveness toward  the  desired  results  before  proceeding  with  their 
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installation  and  for  this  purpose  an  elaborate  and  very  complete 
series  of  tests  was  conducted,  using  one  of  the  12,000-kw., 
9000-volt,  25-cycle  turbo-generators  at  the  Fisk  Street  Station. 

All  conductors  of  this  unit,  that  is,  armatiu'e  and  field  leads 
and  all  meter  and  control  ^dres,  were  disconnected  from  their 
regular  service  and  connected  temporarily  to  points  outside  of 
the  station.  A  section  of  the  basement  at  the  end  of  the  building 
was  partitioned  oil  and  the  reactances  were  installed  therein. 
A  temporary  structure  was  erected  in  the  yard  outside  of  the 
station  building  and  in  this  were  placed  two  oil  switches,  one  for 
making  the  short  circtdt  on  the  12,000-kw.  unit  and  the  other 
for  opening  this  short  circuit.  The  very  unusual  opportunity 
offered  for  studying  the  action  of  oil  switches  was  taken  advantage 
of  and  a  number  of  tests  were  made  on  such  switches,  the  results 
of  which  are  presented  at  this  Convention  in  a  paper  by  Mr. 
E.  B.  Merriam. 

One  end  of  a  construction  shop  located  in  the  yard  about  50  ft. 
from  the  oil  switch  structure  and  from  which  a  full  view  of  the 
switches  was  had,  was  temporarily  converted  into  a  control 
center  and  in  this  were  placed  two  oscillographs,  terminal  boards 
for  the  control  and  meter  wiring,  and  suitable  panels  carrying  the 
switches  and  meters.  A  telephone  system  was  installed  between 
this  temporary  control  center  and  a  convenient  point  in  the 
turbine  room  and  all  the  work  to  be  done  by  the  large  number  of 
attendants  and  observers  was  thoroughly  organized  so  the  tests 
could  be  made  safely  and  expeditiously. 

The  points  to  be  determined  by  the  tests  were  the  following : 

1.  The  instantaneous  short  circuit  current  of  turbo-generator  without 
external  reactance. 

2.  The  instantaneous  short  circuit  current  of  turbo-generator  with  an 
external  reactance  of  4  per  cent. 

3.  The  instantaneous  short  circuit  current  of  turbo-generator  with  an 
external  reactance  of" 6  per  cent. 

4.  Duration  of  the  transient  phenomena  incident  to  the  short  circuits 
under  conditions  1,  2  and  3. 

5.  The  effect  on  the  generator  of  these  short  circuit  currents. 

6.  The  behavior  of  the  reactance  coils. 

7.  The  effect  of  the  installation  of  reactance  coils  on  the  stability  of 
the  system. 

Description  of  Apparatus  Tested 
The  unit  selected  is  turbo-generator  No.  10  and  is  shown  in 
Fig.  1.    The  generator  has  a  "  barrel  coil  *'  winding  made  up  of 
36  coils,  four  turns  per  coil,  laid  in  72  slots.     The  resistance  of  the 
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armature  per  phase  of  the  **  Y  **  winding  is  0.0244  ohms  at 
25  deg.  cent.  From  calculations  made  to  determine  the  arma- 
ture impedance,  it  was  found  that  this  is  approximately  2  per 
cent.  This  value,  however,  does  not  include  consideration  of 
transient  constants  and  the  effective  reactance  at  tirne  of  short 
circuit  is  in  excess  of  this  value  due  to  several  causes  chief  of 
which  is  the  rapid  dying  down  of  the  field,  as  is  clearly  brought 
out  in  the  data  presented.  The  full  load  current  is  770  amperes. 
Fig.  2  shows  a  view  of  the  armature  winding,  the  field  being 
removed,  and  incidentally  illustrates  the  new  form  of  end 
turn  construction. 


Fig.  1 

The  field  is  of  the  indefinite  pole,  laminated  core  type.  Its 
resistance  is  0.238  ohms  at  25  deg.  cent,  measured  from  the 
terminals  at  the  collector  rings.  The  full  load  excitation  with 
unity  power  factor  is  approximately  400  amperes.  Fig.  3 
shows  the  field.  The  ends  are  shown  covered  with  boiler  plate. 
The  winding  can,  therefore,  not  be  seen  except  where  it  passes 
the  air  ducts. 

A  set  of  three  reactance  coils,  one  for  each  phase,  was  used. 
This  is  shown  in  Fig.  4  and  was  designed  for  a  reactance  voltage 
at  25  cycles  of  312  per  coil  (6  per  cent  of  the  Y  voltage)  with  a 
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current  of  770  amperes.  Each  coil  has  76  turns  of  1,000,000-cir. 
mil  cable  wound  on  a  hollow  concrete  core  haxdng  no  iron  in 
any  part.  The  inner  diameter  of  the  turns  is  approximately. 
2  ft.,  10  in.,  and  the  outer  diameter  about  4  ft.  3  in.  The 
inner  layer  has  26  turns,  the  middle  has  24,  and  the  outer  layer 
26  turns.  The  vertical  distance  between  turns  is  three  in.  and 
the  horizontal  distance  between  layers  is  2 J  in.  The  diameter 
of  the  copper  is  approximately  1ft  in.  The  coils  used  in  the 
tests  have  an  outer  layer  of  i-in.  cord,  as  shown  in  the  fip:ure. 
This  is  for  the  purpose  of  preventing  persons  or  materials  coming 
in  contact  with  the  bare  conductors.  The  total  height  of  the  coil 
structure  is  approximately  eight  ft.,  and  the  copper  turns  extend 


Fig.  2 

over  about  three-fourths  of  this  height.  By  measurement  the 
impedance  of  each  coil  at  25  cycles  is  0.425  and  the  resistance 
0.0075  ohms.  The  coils  were  installed  six  ft.  between  centers 
and  anchored  into  the  concrete  floor  and  braced  at  the  top  by 
6-in.  by  6-in.  oak  beams,  14  ft.  long.  The  clearance  between 
copper  of  adjacent  coils  was  27  in. 
The  connections  were  made  as  shown  in]^Fig.  5. 

Description  of  Tests 
The  short-circuiting  switch  was  closed  in  all  cases  with  the 
generator  at   full   speed.  -A   total   of   167   short-circuit   tests 
were  thvis  made  of  whjch  88  were  at  full  voltage,  38  at  one-half  tp 
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full  voltage,  and  41  at  less  than  one-half  voltage.  With  the 
exception  of  a  few  tests  as  noted  in  Table  V  and  VI  the  neutral 
connection  of  the  generator  was  solidly  grounded  throughout 
the  series.  In  the  case  of  the  exceptions  a  2i  ohm  resistance  (one 
of  the  regular  neutral  rheostats  used  at  the  station)  was  inserted 
in  this  neutral  connection.  Two  oscillographs  were  used,  as 
shown  in  Fig.  5,  and  records  were  obtained  of  various  currents 
and  pressures,  as  indicated  below. 

The  initial  tests  were,  for  safety,  made  at  low  voltage  and  these 


Fig.  3 

were  followed  by  a  large  number  of  tests  under  various  condi- 
tions, the  majority,  as  already  stated,  being  at  normal  voltage. 
The  principal  data  obtained  are  given  below.  The  pressure 
traces  of  the  oscillograms  were  obtained  from  the  secondary  of 
200  watt  potential  transformers,  ratios  100  to  1  and  120  to  1, 
(see  Fig.  5),  and  the  current  traces  from  the  secondaries  of 
type  S  current  transformers,  the  ratio  being  selected  with  refer- 
ence to  the  probable  primary  current.  To  test  the  effect  of 
stray  field  from  the  reactance  coils  upon  the  120  to  1  current 
transformers  used  to  get  oscillograms  of  generator  currents  and 
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which  were  placed  about  six  feet  from  the  reactances,  a  400  to  1 
current  transformer  was  installed  on  the  A  phase  of  the  armature 
leads  on  the  turbine  room  floor  at  least  30  ft.  from  the  reactances. 
Comparative  oscillogram  curves  are  shown  taken  from  this 
transformer  and  the  regular  transformer.  The  first  rush  of 
current  as  shown  by  the  two  transformers  checks  closely,  but 
considerable  discrepancies  exist  in  the  current  values  during  the 
later  cycles  as  shown  in  Figs.  14  and  15.  In  all  oscillograms 
except  those  shown  in  Figs.  6,  24  and  26,  400  to  1  current 
transformers  were  used  instead  of  120  to  1  current  transformers 
for  the  traces  of  generator  currents. 
Unfortunately  in  mounting  the  oscillograms,  special  attention 


Pig.  4 


was  not  paid  to  arranging  the  two  prints,  where  two  oscillograms 
were  taken  at  one  time,  so  that  simultaneous  occurrences  would 
appear  in  line.  Because  of  the  time  limitation  it  was  impossible 
to  correct  this  before  the  illustrations  had  to  be  sent  in  for  repro- 
duction. However,  the  simultaneous  sequence  of  events  is  so 
clearly  shown  that  the  occurrences  can  readily  be  studied  with 
relation  to  each  other.  In  all  cases  the  sequence  of  events  il- 
lustrated on  oscillograms  is  from  left  to  right  and  in  the  identifi- 
cation marked  below  the  curves,  the  traces  are  read  from  top  to 
bottom.  In  connection  with  the  study  of  the  various  waves  it 
should  be  stated  that  the  absolute  phase  rotation  of  the  system 
is  in  the  direction  C.  B.  A. 

Considerable  data  can  be  obtained  from  these   oscillograms 
which  are  of  great  value  and  interest  in  the  study  of  the  charac- 
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teristics  of  turbo-generators  of  the  type  under  test  but  the 
]3ractical  bearing  of  some  of  this  data  is  somewhat  remote  and 
because  of  the  extreme  length  to  which  this  paper  would  other- 
wise have  to  be  carried,  considerable  of  it  is  omitted.  Thus  for 
instance,  the  value  and  characteristic  of  the  field  current  under 
the  various  conditions  comes  in  this  class.  This  and  other  of 
the  data  open  up  a  vast  field  for  study  and  many  of  the  questions 
in  connection  ^vith  them  would  of  themselves  and  with  the  test 
data  furnish  sufficient  material  for  a  long  paper.     Many  of  the 
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Trace  No.   1 — Time  reference  wave  from  25-cycle  system. 

2 — C  phase  generator  current;  scale  20,100  amperes  per  in. 
3 — Generator  field  current;  scale  3.300  amperes  per  in. 
4 — .4  phase  generator  current;  scale  23.700  amperes  per  in. 
5 — B  phase  generator  current;  scale  28.200  amperes  i>er  in. 
6 — A  B  generator  delta  pressure;  scale  33.000  volts  per  in. 

Pic.  6. — Oscillograms  of  a  three-phase  short  circuit  with  no  external 
reactance  at  3,000  volts  generator  delta  pressure  with  steam  on 
turbines 


oscillograms  contain  a  trace  obtained  from  the  field  current  and 
these  traces  show  in  a  general  way  the  action  of  the  field. 

The  Tests 
1.  the  instantaneous  short  circuit  current  without 
external  reactance 
In  order  to  determine  as  nearly  as  possible  the  exact  effect  of 
the  reactances  in  limiting  the  energy  flowing  into  a  fault  it  was 
necessary  to  obtain  data  of  turbo-generator  characteristics 
^thout  external  coils.  It  was  obviously  unsafe  to  carry  this  to 
the  limit  of  normal  voltage  but  tests  were  made  at  voltages  from 
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1000  to  4Q00.  Data  of  seventeen  of  these  tests  are  given  in 
Table  I  and  the  principal  characteristics  are  illustrated  in  Figs.  6 
to  10  inclusive.  A  time  reference  wave  taken  from  the  25-cycle 
system  was  used  to  determine  the  retardation  of  the  turbine  but 
these  traces  show  no  appreciable  retardation  within  the  time 
covered  by  the  film.  In  later  tests  with  a  slower  speed  of  film 
revolution  a  retardation  of  J  cycle  in  five  seconds  was  found. 
The  values  of  current  and  pressure  of  these  oscillograms  are 
given  in  the  table.  The  maximum  field  current  shown  in  Fig.  6 
had  a  vahie  of  approximately  1200  amperes;  in  Fig.  7,  1740 
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Trace  No.   1 — Time  reference  wave  from  25-cycle  system. 

2 — C  phase  generator  current;  scale  20,100  amperes  per  in. 
3 — Generator  field  current;  scale  3.300  amperes  per  in. 
4 — A  phase  generator  current;  scale  23.700  amperes  per  in. 
5 — B  phase  generator  current;  scale  28.200  amperes  per  in. 
6 — A  B  generator  delta  pressure;  scale  33.000  volts  per  in. 

Fig.  7. — Oscillograms  of  a  three-phase  short  circuit  with  no  external 
reactance  at  3,000  volts  generator  delta  pressure  without  steam  on 
turbine 

amperes;  in  Fig.  8,  1850  amperes,  in  Fig.  9,  2000  amperes  and  in 
Fig.  10. 2400  amperes.  The  various  data  regarding  the  condition 
of  the  field  circuit  are  omitted  for  reasons  given  in  preceding 
paragraph. 

In  the  tests  illustrated  by  Figs.  7  and  9  the  unit  was  first 
brought  above  synchronous  speed.  Steam  was  then  shut  off 
when  the  speed  had  dropped  to  exactly  25  cycles  the  short-cir- 
cuiting switch  was  closed.  The  oscillograms  show  that  the 
retardation  of  the  turbine  (at  the  pressures  tested)  is  not  af- 
fected during  the  first  few  seconds  of  the  short  circuit 
by  the  presence  or  absence  of  the  steam.     In  other  words,  it  is 
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Trace    No.  1 — Time  reference  wave  from  25-cycle  system. 

2 — C  phase  generator  current;  scale  43.30G  amperes  per  in. 
3 — Generator  field  current;  scale  3,300  amperes  per  in. 
4 — A  phase  generator  current;  scale  30.160  amperes  per  in. 
5 — B  phase  generator  current;  scale  33.900  amperes  per  in. 
6 — A  B  generator  delta  pressure;  33,000  volts  per  in. 

Fig.  8. — Oscillograms  of  a  three  phase  short  circuit  with  no  external 
reactance  at  4,000  volts  generator  delta  pressure  with  steam  on 
turbyie 
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Trace   No.   1 — Time  reference  wave  from  25-cycle  system. 

2 — C  phase  generator  current;  scale  42.300  amperes  per  in. 
3 — Generator  field  current;  scale  3,300  amperes  per  in. 
4 — A  phase  generator  current;  scale  30,160  amperes  per  in. 
6 — B  phase  generator  current;  scale  33,900  amperes  per  in. 
6 — A  B  generator  delta  pressure;  33,000  volts  per  in. 

Fig.  9. — Oscillograms  of  a  three-phase  short  circuit  with  no  external 
reactance  at  4,000  volts  generator  delta  pressure  taken  without 
steam  on  turbine 
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entirely  a  matter  of  stored  energy  in  the  moving  mass.  In 
Fig.  8  an  interesting  trace  of  field  current  is  shown.  The  first 
rush  is  apparently  composed  of  an  alternating  current  superim- 
posed on  the  direct  current  and  both -were  added  to  the  normal 
excitation  current.  Both  the  direct  current  and  alternating 
current  components  disappeared  simultaneously  and  at  the  end 
of  approximately  one  second  the  normal  value  of  excitation 
current  was  restored.  The  oscillograms  of  Fig.  10  were  taken 
to  show  the  wave  forms  of  the  generators  and  the  field  currents. 
From  the  data  obtained  from  these  traces  the  maximum  cur- 


Tracc   No.   1 — Time  reference  wave  from  25-cycIe  system. 

2 — C  phase  generator  current;  scale  42,300  amperes  per  in. 
3 — Generator  field  current;  scale  3,300  amperes  per  in. 
4 — A  phase  generator  current;  scale  30.160  amperes  per  in. 
&—B  phase  generator  current;  scale  33,000  ami>eres  per  in. 
6 — A  D  generator  delta  pressure;  scale  33,000  volts  per  in. 

Fig.  10. — Oscillograms  of  a  three-phase  short  circuit  with  no  external 
reactance  at  4.000  volts  generator  delta  pressure  with  steam 


rent  at  3000  volts  was  shown  to  be  9800  amperes  and  at  4000 
volts  13,000  amperes.  Assuming  that  this  proportionality  to 
voltage  holds  up  to  normal  pressure  then  the  maximum  current 
at  normal  voltage  will  be  approximately  29,000  amperes  or 
27  times  full  load  current. 

2.  THE  INSTANTANEOUS  SHORT  CIRCUIT  CURRENT  WITH  AN 
EXTERNAL  REACTANCE  OF  4  PER  CENT 

It  was  suggested  that  perhaps  6  per  cent  is  too  high  a  value  for 
the  external  reactances  and  for  the  purpose  of  determining  th^ 
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Trace   No.   1 — C  phase  generator  current;  scale  42,300  amperes  per  in. 

2 — Across  A  phase  oil  switch  break,  generator  side;  scale  16,500  volts  per  in. 

3 — Generator  field  current;  scale  8,400  amperes  per  in. 

4 — A  phase  generator  current;  scale  28,680  amperes  per  in. 

5 — B  phase  generator  current;  scale  33,900  amperes  per. in. 

6 — A  B  generator  delta  pressure;  scale  54.300  volts  per  in. 

Fig.   11. — Oscillograms  of  a  three-phase  short  circuit  with  an  external 
reactance  of  4  per  cent  at  7,000  volts  generator  delta  pressure 
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Trace   No.   1 — C  phase  generator  current;  scale  42,300  amperes  per  in. 

2 — Across  A  phase  oil  switch  break,  generator  side;  scale  16,500  volts  per  in. 

3 — Generator  field  current;  scale  8,400  amperes  per  in. 

4 — A  phase  generator  current;  scale  28,680  amperes  per  in. 

5 — B  phase  generator  current;  scale  33,900  amperes  per  in. 

6 — A  B  generator  delta  pressure;  scale  54,300  volts  per  in. 

Fig.  12. — Oscillograms  of  a  three-phase  short  circuit  with  an  external 
reactance  of  4  per  cent  at  8,000  volts  generator  delta  pressure 
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effect  of  the  lesser  amount  a  series  of  tests  was  made  with  an 
external  reactance  of  4  per  cent,  using  for  this  purpose  part  of  the 
turns  of  the  6  per  cent  coils.  By  measurement  the  section  used 
had  a  reactance  of  0.27  ohms  at  25  cycles,  thus  absorbing  208 
volts  with  a  flow  of  full  load  current.  The  data  of  four  of  these 
tests  are  given  in  Table  II  and  in  the  curves  of  Figs.  11  and  12. 
Aside  from  some  peculiar  pressure  conditions  at  the  oil  switch  no 
points  of  particular  importance  are  brought  out  by  the  oscillo- 
grams.    Tests  were  not  made  at  a  pressure  higher  than  8000  volts 


Trace  No.  1 — A  phase  generator  current;  4,680  amperes  per  in. 
2 — B  phase  generator  current;  3,600  amperes  per  in. 
3 — C  phase  generator  current;  scale  2,210  amperes  per  in. 

Fig.  13. — Oscillograms  of  a  three-phase  short  circuit  with  an  external 
reactance  of  6  per  cent  at  1,060  volts  generator  delta  pressure 


Trace  No.  1 — A  phase  generator  current  from  special  current  transformer;  scale  7.920 

amperes  per  in. 
2 — A  phase  generator  current  from  regular  current  transformer;  scale  8,^40 

amperes  per  in. 
3 — Defective  potential  transformer  fuse. 

Fig.  14. — Oscillograms  of  a  three-phase  short  circuit  with  an  external 

reactance  of  6  per  cent  at  3,000  volts  generator  delta  pressure 

• 

with  this  reactance  as  the  current  rushes  at  that  pressure  were  so 

high  that  it  was  thought  inadvisable  to  subject  to  the  generator 

or  the  switches  to  a  greater  strain.     The  current  values  obtained 

indicate  that  at  9000  volts  the  maximum  current  would  be 

approximately  18,000  amperes,  or  16^  times  full  load  current. 

3.  THE  INSTANTANEOUS  SHORT  CIRCUIT  CURRENT  WITH  AN 
EXTERNAL  REACTANCE  OF  6  PER  CENT 

There  were  146  short  circuits  made  through  the  6  per  cent 
reactances.     A  number  of  these  tests,  in  addition  to  determining 
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the  characteristics  and  behavior  of  the  reactances,  were  made  for 
the  purpose  of  experimentation  on  the  oil  switches  and  a  few  on 
potential  transformer  fuses.  From  the  oscillograms  obtained, 
the  characteristics  of  the  reactances  were  studied.  In  Table  III 
are  given  the  data  of  twenty-one  of  these  tests  and  the  principal 


Trace  No.   1 — A  phase  generator  current  from  special  current  transformer;  scale  7,920 

amperes  per  in. 
2 — A  phase  generator  current  from  regular  current  transformer;  scale  8,040 

amperes  per  in. 
3 — Defective  potential  transformer  fuse. 

Fig.   15. — Oscillograms  of  a  three-phase  short  circuit  with  an  external 
reactance  of  6  per  cent  at  4,000  volts  generator  delta  pressure 


49 


Trace  No.  1 — C  phase  generator  current;  scale  17.100  amperes  per  in. 
2 — A  phase  reactance  coil  drop;  scale  18,690  volts  per  in. 
3 — Daective  potential  transformer  fuse. 
4 — A  phase  generator  current;  scale  15,600  amperes  per  in. 
5 — B  phase  generator  current;  18.000  amperes  per  in. 
6 — A  a  generator  delta  pressure;  54,300  volts  per  in. 

Fig.  16. — Oscillograms  of  a  three-phase  short  circuit  with  an  external 
reactance  of  6  per  cent  at  5,500  volts  generator  delta  pressure 

characteristics  are  illustrated  in  Fig.  13  to  20  inclusive.  A 
very  interesting  fact  is  brought  out  in  these  oscillograms.  The 
maximum  pressure  across  the  reactance  coils  is  shown  to  occur 
in  the  latter  half  of  the  first  cycle,  indicating  that  the  rate  of 
change  of  the  current  is  greater  in  .the  latter  part  of  the  first 
•cycle  than  in  the  initial  rush.     Figs.   13  to  18  inclusive  were 
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obtained  with  three  phase  short  circuits  while  Figs.  19  and  20 
show  single-phase  short  circuits  to  ground.  These  latter  show 
the  double-frequency  field  current  due  to  single-phase  short 
circuits  and  also  the  pressure  rise  on  the  opposite  phases.  The 
maximum  value  of  the  current  obtained  during  the  short  circuits 
with  the  6  per  cent  reactance  and  at  9000  volts  was  15,800  am- 
peres, which  if?  14 J  times  full  load  current. 

The  wave  forms  of  the  current  through  the  reactances  as 
well  as  the  voltage  across  them  were  also  determined,  the  circuit 
for  this  piu-pose  being  closed  through  the  short  circuiting  bar 
and  the  field  excitation  being  adjusted  for  the  full  load  current  of 


Trace  No.   1 — C  ph«tse  generator  current;  scale  17,100  amperes  per  in. 
2 — A  phase  reactance  coil  drop;  scale  18,690  volts  per  in. 
3 — Deteetive  potential  traa^ormer  fuse. 
4 — A  phase  generator  current;  scale  15,600  amperes  per  in. 
5—B  phase  generator  current;  18,000  amperes  per  in. 
6 — A  B  generator  delta  pressure;  scale  54,300  volts  i>er  in. 

Fig.  17, — Oscillograms  of  a  three-phase  short  with  an  external  reactance 
of  6  per  cent  at  6,000  volts  generator  delta  pressure 

the  turbo-gen6rator.  The  traces  obtained  under  these  con- 
ditions are  shown  in  Fig.  21.  The  measured  voltage  across 
each  coil  with  this  full  load  current  is  328  volts,  or  a  drop  of 
6.3  per  cent. 

In  order  to  determine  whether  the  amount  of  steam  entering 
the  turbine  at  the  time  of  a  short  circuit  had  any  effect  on  the 
results,  these  tests  were  further  extended  by  including  a  series 
in  which  a  load  was  placed  on  the  tiu-bo-generator  and  while 
carrying  the  same  the  short  circuit  was  applied.  Apparently 
the  results  of  short  circuiting  a  generator  with  load  are  no  dif- 
ferent from  those  in  which  the  tiu-bo-generator  has  no  load. 
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Considerable  discussion  has  been  heard  in  regard  to  the  prob- 
able rises  in  voltage  due  to  non-simultaneous  opening  of  the 
three  phases  of  the  oil  switch.  In  eighteen  of  the  tests  made 
with  6  per  cent  reactance  coils,  such  non-simultaneous  opening 
is  clearly  indicated.  The  voltage  rises  at  the  switch  are  shown 
in  Table  Hit,  while  Figs.  22  to  27,  inclusive,  show  some  of  the 
characteristics  under  these  conditions.  Figs.  24  and  25  indicate 
that  some  of  the  contacts  of  the  switch  had  become  badly  pitted 
which  was,  of  course,  to  be  expected  after  the  very  severe  and 
continued    service    during    the    short    circuits.     A    maximum 


f\p^\r\!\r\r^fvy^^r^^ 


Trace   No.   \—tB  phase  generator  current;  scale  40.500  amperes  per  in. 
2 — A  phase  reactance  coil  drop;  scale  26,100  volts  per  in. 
3 — Detective  potential  transformer  fuse. 
4 — A  phase  generator  current;  scale  23,520  amperes  per  in. 
5 — B  phase  generator  current;  scale  27.120  amperes  per  in. 
6 — A  B  generator  delta  pressure;  scale  54,300  volts  per  in. 

Fig.  18. — Oscillograms  of  a  three-phase  .short  circuit  with  an  external 
reactance  of  6  per  cent  at  8,000  volts  generator  delta  pressure 


voltage  rise  of  over  200  per  cent  at  some  of  the  switch  breaks  is 
indicated  in  the  oscillograms. 

Single  Phase  Short  Circuits  ivith  6  per  cent  Reactance.  The 
maximum  current  on  a  single  phase  to  ground  short  circuit  was 
15,800  amperes,  on  a  short  circuit  between  two  phases  12,900 
amperes,  and  on  the  single  phase  to  ground  short  circuit  with 
neutral  rheostat  of  2.5  ohms,  2,580  amperes.  Most  of  the 
single  phase  short  circuits  were  made  with  the  generator  carrying 
substation  load  and  pressures  were  taken  across  the  load  bus. 
Table  VI  shows  the  pressure  rise  on  the  generator  and  load  bus. 
It  shows  that  the  maximum  presstu-e  rise  without  neutral  rheo- 
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Stat  is  85  per  cent  and  with  neutral  rheostat  125  per  cent.  This 
shows  that  while  the  neutral  rheostat  greatly  lowers  the  current 
there  is  at  the  same  time  a  greater  pressure  rise. 

4.    DURATION    OF   THE   TRANSIENT   PHENOMENA    INCIDENT   TO   THE 
SHORT   CIRCUIT    UNDER   CONDITIONS    1,    2   AND   3 

A  number  of  tests  were  made  in  which  the  oil  switch  was  kept 
closed  for  several  seconds  to  determine  the  duration  of  the 
transient  phenomena.  In  Fig.  28  are  shown  the  traces  of  various 
currents  and  pressures,  and  a  time  wave  taken  from  the  25- 
cycle  system  is  added  for  reference.     The  retardation  of  the 


Trace  No.   1 — A  C  generator  delta  pressure;  scale  52.800  volts  per  in. 
2 — Generator  field  pressure;  scale  261  volts  per  in. 
3 — Generator  field  current;  scale  8,400  amperes  per  in. 
4 — Drop  across  B  phase  reactance  coil;  scale  21,300  volts  per  in. 
5 — B  phase  generator  current;  scale  33.900  amperes  per  in. 
6 — A  B  generator  delta  pressure;  scale  54,300  volts  per  in. 

Fig.  19. — Oscillograms  of  a  ^  to  ground  short  circuit  with  an  external 
reactance  of  6  per  cent  at  9,000  volts  generator  delta  pressure 

turbine,  as  previously  mentioned,  is  shown  to  be  approximately 
1  of  a  cycle  in  five  seconds  and  the  current  reaches  a  constant 
value  in  about  two  seconds.  The  difference  in  the  rate  of  de- 
crease of  amplitude  of  the  first  four  cycles  of  trace  No.  1  as  com- 
pared to  this  decrease  in  amplitude  of  subsequent  cycles  shows 
clearly  the  effect  of  the  field  and  the  armature  transients. 

6.    THE    EFFECT    ON    THE    GENERATOR    OF    THESE    SHORT    CIRCUIT 

.CURRENTS 

A  careful  examination  was  made  of  the  generator  after  each 
series  of  test^  but  no  effect  whatever  could  be  detected.     At  the 
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instant  of  short  circuit  in  many  cases  a  flash  was  seen  v^dthin  the 
jjenerator.  This  was.  caused  by  the  volatilized  parts  of  the 
carbon  brushes  at  the  collector  rings  of  the  field  circuit,  and  also 
by  the  induction  of  very  large  eddy  currents  in  the  field  core. 
Trace  No.  3  in  Fig.  28  shows  the  variation  in  field  current  during 
the  short  circuit.  This  current  may  rise  as  high  as  3,500  am- 
peres due  to  induction  from  the  armature  circuit.  The  normal 
excitation  at  full  load  and  unity  power  factor  is  400  amperes. 
It  is  apparent  from  the  above  that  the  insertion  of  the  6  per  cent 
coils  renders  the  turbo-generator  practically  immune  against 
failure  due  to  the  stresses  incident  to  short  circuits  beyond  the 
reactances. 
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Trace   No.   1 — A  C  generator  delta  pressure;  scale  54,300  volts  per  in. 
2 — Generator  field  pressure;  scale  432  volts  per  in. 
3 — ^Generator  field  current;  scale  8,400  amperes  per  in. 
4 — Drop  across  B  phase  reactance  coil;  scale  21,300  volts  per  in. 
5 — B  pnase  generator  current;  scale  33,900  amperes  per  in. 
6 — A  D  generator  delta  pressure;  54,300  volts  per  in. 

Fig.  20. — Oscillograms  of  a  5  to  ground  short  circuit  with  an  external 
reactance  of  6  per  cent  at  9,000  volts  generator  delta  pressure 

6.  THE  BEHAVIOR  OF  THE  REACTANCE  COILS 

Early  in  the  tests  large  iron  nails  were  placed  on  the  floor 
near  the  reactances  to  indicate  the  strength  of  the  field  at  the 
time  of  short  circuit.  In  test  No.  23  one  of  these  nails  about 
two  feet  distant  from  the  lower  turn  was  drawn  into  the  B  phase 
coil. 

A  full  load  run  was  made  to  determine  the  heating  of  the  coils 
and  pieces  of  brass  bar,  copper  and  iron  were  placed  near  them. 
The  generator  was  short  circuited  through  the  coils  and  with  a 
current  of  770  amperes  a  constant  temperature  was  reached 
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at  the  end  of  five  hours.  During  this  run  the  oscillogram  of 
Fig.  21  was  obtained.  The  tests  showed  that  there  is  practi- 
cally no  heating  in  brass  or  copper  placed  near  the  coils.  Iron 
bars  1  by  }  in.  in  section  forming  a  framework  of  an  iron  screen 
showed  a  temperature  rise  of  24  deg.  cent,  when  placed  within 
12  in.  of  the  coils. 


124 


V 


Trace  No.  1 — Drop  across  A  phase  reactance  coil.  328  volts. 
2 — A  pnase  generator  current,  76^  amperes. 
3 — A  B  generator  delta  pressure.  576  volts. 

Fig.  21. — Oscillograms  showing  wave  forms  of  short  circuit  with  full 
load  current  through  external  6  per  cent  reactance  on  a  three-phase 
short 
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Trace  No.   1 — C  phase  generator  current:  scale  51.000  amperes  per  in. 

2 — Across  B  phase  oil  switch  break;  scale  48,0(K)  volts  per  in. 
3 — Across  C  phase  oil  switch  break;  scale  56,100  volts  per  in. 
4 — A  phase  generator  current;  scale  28.200  amperes  per  in. 
5 — Across  A  phase  oil  switch  break;  scale  33.000  volts  per  in. 
6 — A  B  generator  delta  pressure;  scale  54,000  volts  per  in. 

Fig.  22. — Oscillograms  showing   three-phase  short  circuit   with  an   ex- 
ternal reactance  of  6  per  cent  at  8,000  volts  generator  delta  pressure 

Various  devices  were  applied  to  record  possible  movement 
of  the  coils  but  no  such  movement  was  detected.  In  the  latter 
part  of  the  tests  the  heavy  braces  at  the  top  were  disconnected 
but  even  with  this  support  removed  the  coils  showed  no  tendency 
to  move. 

The  magnetic  pull  due  to  the  field  was  tested  by  holding  a 
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Trace   No.   1 — C  phase  generator  current;  scale  52,300  amperes  per  in. 

2 — Across  A  phase  oil  switch  break,  generator  side;  scale  31.500  volts  per  in. 

3 — Generator  field  ctirrent;  scale  8.400  amperes  per  in. 

4 — A  phase  generator  current;  sctUe  28.680  amperes  per  in. 

5 — B  phase  generator  current;  scale  33,900  amperes  per  in. 

6 — A  a  generator  delta  pressure;  scale  54,300  volts  per  in. 

Fig.  23. — Oscillograms  of  a  three-phase  grounded  short  circuit  with  an 
external  reactance  of  6  per  cent  at  9,000  volts  generator  delta  pressure 
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Truce    No.    I  — C  phase  generator  current;  scale  51,000  amperes  per  in. 

2 — Across  B  phase  oil  switch  break;  scale  48.000  volts  per  in. 
3 — Across  C  phase  oil  switch  break;  scale  56.100  volts  per  in. 
4 — A  phase  generator  current;  scale  28,200  amperes  per  in. 
5 — Across  A  phase  oil  switch  break;  scale  33,000  volts  per  in. 
6— A  B  generator  delta  pressure;  scale  54,300  volts  per  in. 

Fig.  24. — Oscillograms  of  a  three-phase  short  circuit  with  an  external 
reactance  of  6  per  cent  at  9,000  volts  generator  delta  pressure 
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sheet  of  iron  screen  30  in.  from  one  of  the  coils  at  time  of  short 
circuit.  The  screen  was  arranged  to  stay  in  position  by  means 
of  a  light  string  held  by  an  observer,  but  not  the  slightest  pull 
could  be  detected. 

No  pressure  rises  across  the  end  turns  of  the  coils  were  foimd. 
As  already  mentioned  in  the  first  paragraph  of  series  No.  3, 
tests  the  maximum  pressure  across  the  coils  occurred  in  the  last 
half  of  the  first  cycle.  The  maximum  voltage  across  a  coil  was 
found  to  be  7,850  volts.  The  maximum  current  during  the 
same  C3'cle  was  11,700  amperes.  The  maximum  drop  oc- 
curred when  the  value  of  the  current  was   about   9,000  am- 
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Trace   No.    1 — C  phase  generator  current;  scale  51,000  amperes  per  in. 

2-   Across  B  phase  oil  switch  break:  scale  48,000  volts  per  in. 
3- -Across  C  phase  oil  switch  break;  scale  56.100  volts  per  in. 
4 — A  phase  generator  current;  scale  28.200  amperes  per  in. 
5 — Across  A  phase  oil  switch  break;  scale  33,000  volts  per  in. 
6 — .4  B  generator  delta  pressure;  scale  54.300  volts  per  in. 

Fir..  25.  -Oscillograms  of  a  three-phase  short  circuit  with  :in  external 
reactance  of  6  per  cent  at  9,000  volts  generator  delta  pressure 

j)eres;    the    corresponding;    rate    of   chan^^e   of   the   current   is 

di       e-iR    7850-670     ^  ««/wuui  i 

■f-.  =       J       "   ?rnn97   =  2,660, (KK)  amperes  per  second. 

7.   THK    EFFECT   OF   THE    INSTALLATION    OF    KEACTANCK    COILS    ON 
THE   STABILITY   OF   THE    SYSTEM 

The  stabihty  of  the  system  during  cable  breakdowns  depends 
primarily  on  two  things;  first,  steadiness  of  voltage,  and  second, 
steadiness  of  speed.  The  use  of  the  reactances  reduces  the 
torque  on  the  generators  to  such  a  point  that  the  speed  is  not 
materially  affected  even  by  short  circuits  on  the  bus.     This  is 
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shown  clearly  by  the  small  retardation  of  the  generator,  shown 
in  Fig.  28  previously  referred  to.  The  voltage  on  the  bus, 
however,  is  directly  dependent  on  the  resistance  of  the  short 
circuit  from  the  bus  to  the  fault  and  back,  as  well  as  on  the  nature 
of  the  fault,  and  is,  therefore,  practically  independent  of  the 
reactances.  If  then  the  voltage  drops  to  such  a  point  that  the 
synchronous  apparatus  connected  to  the  system  feeds  back  suffi- 
cient energy  to  actuate  the  overload  relays  on  the  substation 
units,  the  oil  switches  on  these  units  will  be  opened,  i.e.,  the  load 
will  drop  off.  If  the  bus  voltage  does  not  reach  a  very  low  point 
or  if  the  overload  relays  in  the  substation  are  provided  with 
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Trace   No.   1 — C  phase  generator  current;  scale  51,000  amperes  per  in. 

2 — Across  B  phase  oil  switch  break;  scale  48.000  volts  per  in. 

3 — Across  C  phase  oil  switch  break;  scale  56.100  volts  per  in. 

4 — A  phase  generator  current;  scale  28,200  amperes  per  in. 

5 — Across  A  phase  oil  switch  break;  33.000  volts  per  in. 

6 — .4   phase  to  neutral  generator  pressure;  scale  32.700  volts  per  in. 

Fig.  26. — Oscillograms  of  a  three-phase  short  circuit  with  an  external 
reactance  of  6  per  cent  at  9,000  volts  generator  delta  pressure 

fixed  time  elements  which  will  make  them  inoperative,  short  of, 
say  one  second,  then  the  reactance  in  the  generator  circuit  will 
by  the  phase  displacement  of  the  current  cause  the  synchronizing 
component  of  the  current  to  be  greater,  thereby  making  the 
system  more  stable.  This  is  illustrated  in  Fig.  40  where  OA 
represents  the  generator  e.m.f.,  0  B  the  counter  e.m.f.  of  the 
substation  unit,  and  0  C  the  resultant  e.m.f.  causing  a  cross 
current  to  flow.  This  cross  current  with  only  a  small  amount  of 
reactance  in  the  circuit  has  the  direction  0  /i,  lagging  behind 
0  C  by  angle  a.  This  angle  is  increased  to  a\  the  current 
vector  then  being  0  /s,  when  the  reactance  in  the  circtxit  is  in- 


Digitized  byVjOOQlC 


1911] 


POWER-LIMITING  REACTANCES 


1175 


creased  as  by  the  installation  of  generator  reactances ;  the  greater 
the  reactance,  the  greater  will  the  angle  a  be.  The  component 
of  /  in  phase  with  the  negative  vector  of  OB,  or  OB',  is  the 
energy  or  synchronizing  current,  and  the  increase  in  this  value 
from  0  72  to  0  I^  due  to  increase  of  angle  a  is  clearly  seen  All 
angles  and  the  current  vectors  are  purposely  very  much  ex- 
aggerated for  sake  of  clearness. 

Another  advantage  gained  by  having  the  reactances  in  the 
armature  leads  lies  in  the  fact  that  with  lowering  of  the  bus  pres- 
sure, as  by  a  short  circuit,  the  generator  voltage  is  not  reduced 
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Trace    No.   1 — C  phase  generator  current,  scale  35,100  amperes  per  in. 
2 — Across  B  phase  oil  switch  break;  scale  48.000  volts  per  in. 
3 — Across  C  phase  oil  switch  break,  scale  56,100  volts  per  in. 
4 — A  phase  generator  current;  regular  transformer,  scale  23.200  amperes  per  in. 
5 — A  phase  generator  current  from  special  current  transformer,  scale  29,100 

amperes  per  in. 
6 — A  phase  to  neutral  generator  pressure,  scale  32.700  volts  per  in. 

Fig.  27. — Oscillograms  of  a  three-phase  short  circuit  with  6  per  cent 
reactance  at  9,000  volts  generator  delta  pressure 

by  the  same  amount  due  to  the  drop  in  the  reactances  themselves. 
Normal  pressure  is  thus  restored  more  quickly. 

Various  substation  units  of  the  operating  system  were  con- 
nected to  the  tiu*bo-generator  under  test  and  short  circuits  were 
then  produced  to  note  the  behavior  of  these  substation  units. 

It  was,  of  course,  impossible  to  exactly  reproduce  conditions 
of  faults  in  the  system  therefore  a  definite  comparison  of  the 
action  with  and  without  reactances  cannot  be  made.  However, 
from  the  test  results  the  stability  of  the  various  types  of  sub- 
station units  can  be  determined.  The  desirability  of  some  minor 
changes  in  substation  relay  settings  is  also  indicated. 
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TABLE  VII. 


Substation 

Line 

Unit 

No. 

Size 

Len^h 

No. 

Capacity 

Qass            1 

Market  St . . 
Indiana  St . . 
Lake  View.. 

58 

87 

133 

4/0 

4/0 

250.000  cm. 

17900' 
24600^ 
35900' 

3 

1 
4 

1000  kw. 
1000  kw. 
1000  kw. 

Standard  converter  275  y.' 

214  r.p.m. 
Split  pole  converter  270  v. 

300  r.p.m.                     , 
25/60  cy.  frequency  ch. 

42nd  St.... 

138 

4/0 

331 
332 

250,000  cm. 
250.000  cm. 

40500' 

5 

2000  kw. 

Standard     converter   MO 
v.d.c. 

Grand  Ave. . 

90 

250.000  cm. 

42500' 

1 

2000  kw. 

Standard     converter    600 
v.d.c. 

Relay  settings 


Substation 


Unit 


Amperes 


Core     2  sec.     Inst, 


Substation 
line  switch 


Amperes 


Core     4  sec.     Inst. 


Generating  station 
line  switch 


Amperes 


Core  1  2  sec.  I  Inst. 
I i 


Market  St. 
Indiana  St. 
Lake  View. 

42nd  Ave . . 

Grand  Ave, 
Fault 


155 
155 
155 


233 

233 

233 

4  sec. 

240        256 

2  sec. 

310     I  465        620 

(Relay    controlling 


310 
310 
310 

640 


No  relays 


400 
400 
480 


560 
560 
670 


750 
750 
900 


300        384        766        400       560      750 

I  I  I  650     I  480     I  670    I  900 

short    circuiting    switch)  2000 


Line 

Unit 

!    Substation 

No. 

Size 

Length 

No.i   Capacity 

Class 

Hyde  Park. . 

Jackson 
1       Blvd 

1 

144 

9 
130 

4/0 

4/0 
4/0 

32.700  ft. 

5..500ft. 
14.400  ft. 

2 
2 

2000  kw. 
1000  kw. 

25/60  F.  C.  ,300  r.p.m.  9000 /4O0iJ 
volts. 

Standard    converter  250  vclts. 
214  r.p.m. 

Specified  relay  settings 


Unit 
amperes 


Generating  station 
Line-switch  amps. 


Substation 

Core 

2  sec. 

Inst. 

Core 

2  sec. 

Inst 

1  Hyde  Park 

Jackson  Blvd. .  . 

310 
155 

465 
233 

020 
310 

400 
{       400 

560 
560 

750 
750 
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Because  of  the  impossibility  of  definite  and  complete  conclu- 
sion it  was  thought  advisable  to  give  the  data  of  these  tests  in 
some  detail  so  that  any  who  may  care  to  do  so  can  study  them. 

Tests  with  a  Group  of  Substation  Units,     In  this  series  of  tests 
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Trace  No.   1 — C  phase  generator  current;  scale  42,300  amperes  per  in. 

2 — Across  A  phase  oil  switch  break  generator  side;  scale  16,500  volts  per  in. 

3 — Generator  field  ctirrent;  scale  8,400  amperes  per  in. 

4 — A  phase  generator  current;  scale  28,680  amperes  per  in. 

5 — Time  reference  wave  from  25  cycle  system. 

6 — A  B  generator  delta  pressure;  scale  54.300  volts  per  in. 

Fig.  28. — Oscillograms  of  a  three-phase  short  circuit  with  an  external 
reactance  of  6  per  cent  at  9,000  volts  generator  pressure  to  show  re- 


tardation of  turbine. 
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Trace  No.   1 — A  phase  substation  current;  scale  16,980  amperes  per  in. 
2 — A  B  line  bus  pressure,  scale  51,900  volts  per  in. 
3 — Defective  connection. 

4 — A  phase  generator  current;  scale  28.680  amperes  per  in. 
5 — Time  reference  wave  from  25  cycle  system. 
6 — A  B  generator  delta  pressure;  scale  54,300  volts  per  in. 

Fig.  29. — Oscillograms  showing  the  effect  of  6  per  cent  reactance  coils  on 
the  operation  of  substations  during  a  three-phase  short  circuit  on  bus 

five  substation  imits  in  as  many  substations  were  used.  The  data 
on  the  lines,  units  and  relay  settings  concerned  are  given  in 
Table  VII. 
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Under  '*  relay  settings  "  are  given  the  current  values  for 
which  the  apparatus  was  adjusted  at  the  last  periodical  check. 
The  primary  amperes  are  shown  which  are  required  to  raise  the 


Trace  No.  1 — A  phase  generator;  scale  28.200  amperes  per  in. 

2 — A  phase  sub-station  current,  scale  6.000  amperes  per  in. 

3— ri4  phase  to  neutral  line  bus  pressure;  scale  32.700  volts  per  in. 

Fig.  30. — Oscillogram  showing  effect  of  reactance  coils  on  the  operation 
of  standard  synchronous  converter  during  A  phase  to  ground  short 
circuit  on  bus.  Instantaneous  relay  on  400:1  current  transformer 
controlling  HZ  short  circuiting  switch. 


Trace  No.  1 — A  phase  current  through  short,  scale  51.000  amperes  per  in. 
2 — B  phase  to  neutral  line  bus  pressure;  scale  29,400  volts  per  in. 
3 — C  phase  to  neutral  line  bus  pressure;  scale  33,900  volts  per  in. 
4 — A  phase  generator  current;  scale  28.200  amperes  per  in. 
5 — A  phase  sub-station  current;  scale  5.160  amperes  per  in. 
6 — A  phase  to  neutral  line  bus  pressure;  scale  32.700  volts  per  in. 

Fig.  31. — Oscillogram  showing  effect  of  reactance  coils  on  the  operation 
of  standard  synchronous  converter  during  A  phase  to  ground  short 
circuit  on  bus.  Inverse  time  element  relay  on  400:1  current  trans- 
former controlling  H3  short  circuiting  switch 

core  without  time  element  attachments  and  primary  amperes 
with  time  element  attachments  to  raise  the  core  in  two  seconds  and 
instantaneously.  In  all  substation  tests  the  same  units  and 
relay  settings  were  used  unless  otherwise  mentioned. 
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In  all  four  tests  the  five  units  were  connected  only  to  the  25 
cycle  system  and  there  was,  therefore,  no  possible  back  feed 
other  than  that  due  to  the  stored  energy  in  the  rotating  members. 
Table  V  gives  the  oscillographic  data  for  all  the  operating  tests. 

In  Test  No.  49,  Fig.  29,  all  substation  units  opened  the  alter- 
nating current  switches;  Market  Street  in  about  four  seconds,  the 
others  instantaneously.  In  Test  No.  50,  the  Market  Street 
unit  stayed  in  eight  seconds  and  would  presumably  have  so  con- 
tinued but  as  the  unit  showed  some  sparking  on  the  commu- 


23& 


Trace   No.    1 — A  phase  current  through  short;  scale  51,000  amperes  per  in. 
2 — B  phase  to  neutral  line  bus  pressure;  scale  29,400  volts  per  in. 
3 — C  phase  to  neutral  line  bus  pressure;  scale  33,900  volts  per  in. 
4 — A  phase  generator  current;  scale  28,200  amperes  per  in. 
5 — A  phase  substation  current;  scale  3.710  amperes  per  in. 
6 — A  phase  to  neutral  line  bus  pressure;  scale  32,700  volts  per  in. 

Fig.  32. — Oscillograms  showing  effect  of  reactance  coils  on  the  operation 
of  standard  synchronous  converter  during  A  phase  to  ground  short 
circuit  on  bus.  Inverse  time  element  relay  on  400:1  current  tnins 
former  controlling   H\i   short  circuiting   switch. 


tator  it  was  disconnected  by  the  operator.  All  other  units 
opened  the  alternating  current  switches  on  reverse  overload. 
In  Test  No.  51  on  a  single-phase  short  circuit  between  A  and  B 
phases,  the  Market  Street  unit  stayed  in,  but  the  others  again 
opened  the  alternating  current  unit  switches  on  reverse  overload. 
In  Test  No.  52  all  the  units  stayed  in  except  Indiana  Street  and 
even  this  unit  hung  on  for  about  one  second. 

In  none  of  the  tests  were  the  line  switches  in  the  generating 
station  opened. 

Tests  with  Single  Substation   Units  of  Variolic  Types.     This 
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series  of  tests  was  started  with  the  idea  of  checking  the  operation 
of  the  individual  units  used  in  Tests  No.  49  to  52  inclusive,  thus 
eliminating  any  effect  of  cross  current  between  substations. 

Standard  Converter  with  Induction  Regulator,  The  first  unit 
to  be  tried  was  No.  3  synchronous  converter  at  the  Market 
Street  substation  and  for  tests  No.  97  and  98,  Fig.  30,  the  H-3 
short  circuiting  switch  at  Fisk  Street  was  controlled  by  the  same 
instantaneous  relay  used  in  the  preceding  tests  connected  to  a 
400  to  1  cun'ent  transformer.     In  both  tests  the  Market  Street 
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Trace  No.   1 — A  phase  current  through  short;  scale  51,000  amperes  per  in. 

2 — B  phase  to  neutral  line  bus  pressure;  scale  48,0i00  volts  per  in. 
.3 — C  phase  to  neutral  line  bus  pressure  scale  56,100  volts  per  in. 
4 — A  phase  generator  current:  scale  28.200  amperes  per  in. 
5 — A  phase  substation  current;  scale  4,710  amperes  per  in. 
6 — A  phase  to  neutral  line  bus  pressure;  scale  32,700  volts  per  in. 

Fig.  33. — Oscillograms  showing  effect  of  reactance  coils  on  the  operation 
of  a  split  pole  converter  during  A  phase  to  ground  short  circuit  on 
bus.  Instantaneous  relay  on  60:1  current  transformer  controlling 
HS  short  circuit  switch 


converter  was  running  idle,  connected  only  to  the  alternating 
current  end,  and  in  both  tests  the  unit  remained  connected 
through  to  the  line  bus  after  the  short.  For  Test  No.  99,  Fig.  31 , 
and  Test  No.  100,  Fig.  32,  a  new  type  of  overload  relay  was 
substituted  for  the  instantaneous  relay  as  the  control  for  the 
H-3  short  circuit  switch,  and  in  Test  No.  99  with  the  Market 
Street  machine  connected  only  to  the  alternating  current  end 
the  unit  remained  in  synchronism.  In  Test  No.  100,  Fig.  32, 
however,  when  the  Market  Street  unit  was  connected  to  the 
direct  current  bus  in  parallel  with  converters  No.  2  and  3  and  a 
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storage  battery,  the  machine  tripped  out  on  both  the  alternating; 
current  and  direct  current  sides.  At  the  instant  of  short  circuit 
in  this  last  test  the  battery  ammeter  showed  a  current  of  10,000 
amperes  and  synchronous  converter  No.  2  ammeter  about  2000 
amperes. 

For  these  and  all  subsequent  tests  the  short  circuit  was  made 
at  the  end  of  one  phase  of  a  200-ft.  length  of  250,000-cir.  mil 
cable  through  an  artificial  fault  to  ground.  This  fault  con- 
sisted of  two  copper  plates  clamped  on  either  side  of  an  asbestos 
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Trace  No.   1 — A  phase  current  through  short;  scale  51,000  amperes  per  in. 
2 — B  phase  to  neutral  line  bus  pressure;  scale  4S.000  volts  per  in. 
3 — C  phase  to  neutral  lin&  bus  pressure;  scale  53,100  volts  per  in. 
4 — A  phase  generator  current;  scale  28.200  amperes  per  in. 
5 — A  phase  substation  current;  scale  3,710  amperes  per  in. 
6 — A  phase  to  neutral  line  bus  pressure;  scale  32,700  volts  per  in. 

Fig.  34. — Oscillograms  showing  effect  of  reactance  coils  on  the  oper- 
ation of  a  split  pole  converter  during  A  phase  to  ground  short  cir- 
cuit on  bus.  Instantaneous  relay  on  60:1  current  transformer 
controlling  H3  short  circuit  switch. 


board,  through  which  a  small  hole  was  drilled.  The  two  coppers 
represented  the  conductor  and  lead  sheath  of  the  cable  while  the 
asbestos  board  replaced  the  insulation.  In  this  series  of  four 
tests  a  short  length  of  No.  36  I  a  I  a  wire  was  connected  be- 
tween plates  through  the  hole  in  the  asbestos  to  start  the  short 
circuit,  but  in  Test  No.  102  and  the  remaining  trials  of  sub- 
station operation  the  fuse  wire  was  omitted  as  it  was  found  that 
the  artificial  fault  broke  down  gradually  without  previous 
fusing,  thus  more  nearly  duplicating  actual  fault  conditions. 
Test  No.   151  is  a  repetition  of  test  No.   100  using  the  in- 
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Trace  No.  1 — .4  phase  current  through  short;  scale  51.000  amperes  per  in. 

2 — B  phase  to  neutral  line  bus  presstire;  scale  48,0(X)  volts  per  in. 
3 — C  phase  to  neutral  line  bus  pressure;  scale  56,100  volts  per  in. 
4 — A  phase  generator  current;  scale  28,200  amperes  per  in. 
5 — A  phase  substation  current;  scale  3.710  amperes  per  in. 
6 — A  pliase  to  neutral  line  bus  pressure;  scale  32,700  volts  per  in. 

Fig.  35. — Oscillograms  showing  effect  of  reactance  coils  on  the  operation 
of  standard  frequency  changer  during  A  phase  to  ground  short 
circuit  on  bus.  Instantaneous  relay  on  60:1  current  transformer  con- 
trolling HZ  short  circuiting  switch 


Trace   No.   1 — .4  phase  current  through  short;  scale  51,000  amperes  per  in. 
2 — B  phase  to  neutral  line  bus  pressure;  scale  48,000  volts  per  in. 
3 — C  phase  to  neutral  line  bus  pressure;  scale  56,100  volts  per  in. 
4 — A  phase  generator  current;  scale  28.200  amperes  per  in. 
5 — A  phase  substation  current;  scale  3.710  amperes  per  in. 
6 — A  phase  to  neutral  line  bus  pressure;  scale  32,700  volts  per  in. 

Fig.  36. — Oscillograms  showing  effect  of  reactance  coils  on  the  operation 
of  standard  synchronous  converter  during  A  phase  to  ground  short 
circuit  on  bus.  Instantaneous  relay  on  60:1  current  transformer  con- 
trolling short  circuit  switch.  Inverse  time  element  relay  controlling 
unit  switch 
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stantaneous  relay  connected  to  a  60  to  1  current  transformer  to 
control  the  H-3  short-circiiiting  switch,  as  it  was  hoped  that  under 
these  conditions  the  unit  might  remain  connected.  At  the  in- 
stant of  short,  however,  the  direct  ciurent  circuit  breakers 
opened  on  reverse  current  and  all  three  phases  of  the  unit  over- 
load relays  tripped  out  the  oil  switches. 

Tests  No.  155,  156,  157  and  158  were  made  with  a  new  type 
of  inverse  ciurent  relay  previously  used  in  certain  of  the  former 
tests  for  control  of  the  alternating  current  short-circuiting  switch. 
This  relay  was  installed  at  Market  Street  in  place  of  the  standard 


Mllilli.il 

Trace   No.   1 — A  phase  current  through  short;  scale  51,000  amperes  per  in. 

2 — B  phase  to  neutral  line  bus  pressure;  scale  48,000  volts  per  in. 
3 — C  phase  to  neutral  line  bus  pressure;  scale  56,100  volts  per  in. 
4 — A  phase  generator  current;  scale  28.200  amperes  per  in. 
5 — A  phase  substation  current;  scale  3,710  amperes  per  in. 
6 — A  phase  to  neutral  line  bus  pressure;  scale  32,700  volts  per  in. 

Fig.  Ii7. — Oscillograms  showing  effect  of  reactance  coils  on  the  operation 
of  standard  synchronous  converter  during  a  phase  to  ground  short 
circuit  on  bus.  Instantaneous  relay  on  60:1  current  transformer 
controlling  short  circuiting  switch.  Inverse  time  element  relay, 
controlling  unit  switch 

relay  equipment  to  control  the  alternating  ciurent  unit  switch. 
In  Tests  No.  155  and  156,  Fig.  36,  and  Test  No.  158  the  direct 
current  circuit  breakers  opened  on  reverse  current  before  the  relay 
cones  raised  sufficiently  to  trip  out  the  oil  switch  and  in  Test  No. 
157,  Fig.  37,  the  unit  remained  connected  to  both  the  direct 
current  and  alternating  current  systems. 

In  all  previous  operating  tests  the  neutral  of  generator  No.  10 
was  connected  directly  to  ground,  the  single  phase  short  circuit 
current  being  limited  therefore  only  by  the  reactance  coils.  As 
no  satisfactory  operating  results  could  be  obtained  under  these 
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conditions  it  became  evident  that  the  neutral  rheostat  must  be 
retained  as  an  essential  part  of  the  system  and  the  present 
group  of  tests  were  therefore  made  to  determine  the  operating 
results  when  rheostat  was  included  in  the  connection  to  short 
circuit.  The  unit  at  the  Market  Street  substation  which  had 
previously  been  used  was  not  available  and  a  similar  unit  at  the 
Jackson  Boulevard  substation  was  therefore  used.  In  Tests 
No.  197  and  198,  Fig.  38,  the  alternating  current  switch  of  this 
unit  was  controlled  by  the  new  type  reverse  current  relay,  while 
in  Tests  No.  199,  Fig.  39,  and  Test  No.  200  the  alternating  current 
switch  control  was  reconnected  to  the  standard  relay  equipment. 
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Trace  No.   1 — A  phase  current  through  short;  scale  51,000  amperes  per  in. 
2 — B  phase  to  neutral  line  bus  pressure;  scale  48.000  volts  per  in. 
3 — C  phase  to  neutral  line  bus  pressure:  scale  56,100  volts  per  in. 
4 — A  phase  generator  current,  scale  28.200  amperes  per  in. 
5 — A  phase  substation  current,  scale  3.000  amperes  per  in. 
6 — A  phase  to  neutral  line  bus  pressure,  scale  32.700  volts  per  in. 

Fig.  38. — Oscillograms  showing  the  effect  of  reactance  coils  plus  generator 

neutral  rheostat  on  the  operation  of  a  standard  synchronous  con 

verter  during  A  phase  to  ground  short  circuit  on  bus.     Instantaneou* 

relay  on  60:1  current  transformer  controlling  HZ  short  circuit  switch 

Inverse  time  element  relay  controlling  unit  switch 

In  all  four  tests  although  the  unit  was  connected  to  the  direct 
cturent  auxiliary  bus  and  thence  through  four  feeders  to  the 
direct  current  network,  the  generator  neutral  rheostat  so  limited 
the  short  circuit  current  that  the  rotary  remained  connected 
to  both  the  alternating  current  and  direct  current  systems. 

Converter  with  Regulating  Field  {Split  Pole),  Tests  No.  102, 
103,  104  and  105  Avere  made  with  the  generator  carrying  the 
Indiana  St.  1000-kw.  split  pole  converter.  In  all  tests  the  short- 
circuiting  switch  was  controlled  by  the  instantaneous  relay, 
as  the  split  pole  converter  opened  on  the  alternating  current 
end.     In  Tests  No.   103  and   104,  Fig.  33,  when  running  dis- 
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connected  from  the  direct  ctirrent  end,  and  in  Test  No.  105,  Pig. 
34,  when  running  on  the  direct  current  auxiliary  bus  connected 
to  the  direct  current  network  through  three  feeders.     It  was, 
therefore,  not  necessary  to  make  further  tests  with  the  time, 
element  control  of  the  short-circuit  switch. 

Frequency  Changer  Unit  (9000  Volt,  25  Cycle  Synchrofwus 
Motor).  Tests  No.  106,  Fig.  35,  and  Test  No.  107  were  made 
with  a  standard  2,000-kw.  frequency  changer  at  the  Hyde  Park 
substation  instead  of  a  1,000-kw.  frequency  changer  at  the  Lake 
View  substation  used  in  Tests  No.  49  to  52  inclusive.  In  both 
trials  made  with  the  unit  connected  to  the  25-cycle  end  only, 
the  unit  oil  switch  opened  and  in  Test  No.  106  the  line  switch  at 
Fisk  Street  also  opened,  the  noise  of  this  latter  short  circuit 
giving  the  observers  the  impression  that  it  was  very  severe.  No 
trials  were  made  with  the  time  limit  relay  as  the  unit  was  too 
unstable  for  satisfactory  operation  even  with  instantaneous 
control  of  the  short  circuiting  switch. 

The  full  data  on  lines,  units  and  relay  settings  concerned  in 
these  operating  tests  are  given  in  the  Table  VII,  page  1178. 

General  Discussion  of  Results 
The  insertion  of  6  per  cent  reactance  reduces  the  instantaneous 
current  on  a  three  phase  short  from  27  to  14.5  times  the  full  load 
current.  In  addition  to  this,  account  must  be  taken  of  the  phase 
relation  of  this  current  to  the  voltage  producing  it.  With  the 
reactances  in,  the  total  resistance  of  the  circuit  was  0.033  ohms. 
The  maximum  Y  pressure  is  7350  volts,  the  impedance  of  the 
entire  circuit  including  the  effect  of  armature  reaction,  self- 
induction    of    the    winding    and    the    external    reactance    is 

.,,  onrx or  0.46  ohms,  therefore,  the  power  factor  at  this 

15,800  amperes  ^ 

,     0.033 
current  is  apparently    ^   .^      or    7.2    per    cent.     Without    ex- 
ternal reactance  the  resistance  of  the  total  circuit  is  that  of  the 
armature  winding  alone,  or  0.025  ohms.     The  impedance  of  the 

armature  drcuit  from  test  equals   ^^  ^^^ or  0.25  ohms 

^  29,000  amperes 

per  phase  therefore,  the  power  factor  of  the  current  is  apparently 
10  per  cent.  As  this  armature  circuit  is  embedded  in  iron  there 
must  be  a  very  appreciable  hysteresis  loss  which  is  true  energy. 
The  actual  power  factors  are  therefore  probably  several  times 
the  values  given  above.     The  decrease  in  power  factor  due  to  thq 
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reactances  is  in  greater  ratio  than  10  to  7.2  (from  above  values) 
as  the  hysteresis  component  of  the  energy  is  also  smaller  with 
the  lesser  current  restilting  from  the  insertion  of  reactances. 
The  energy  due  to  a  sudden  short  circuit  is  reduced  in  propor- 
tion to  the  power  component  of  the  current,  therefore,  the  shock 
on  the  generator  will  be  a  great  deal  less  with  reactances  than 
without  reactances.  The  strains  on  the  coils,  however,  are 
directly  proportional  to  the  square  of  the  current  and  therefore 
would  be  over  three  times  as  great  without  external  reactance 
as  with  such  reactance. 

If  the  two  machines  are  thrown  together  180  deg.  out  of  phase 
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Trace   No.   1 — A  phase  current  through  short;  scale  19.350  amperes  per  in. 
2 — B  phase  to  neutral  line  bus  pressure;  scale  48.000  volts  per  in. 
3 — C  phase  to  neutral  line  bus  pressure;  scale  56.100  volts  per  in. 
4e — A  phase  generator  current;  scale  17,100  amperes  per  in. 
5 — A  phase  substation  current,  scale  3.000  amperesper  in. 
6 — A  phase  to  neutral  line  bus  pressure;  scale  32,700  volts  per  in. 

Fig.  39. — Oscillograms  showing  the  effect  of  reactance  coils  plus  gen- 
erator neutral  rheostat  on  the  operation  of  a  standard  synchronous 
converter  during  A  phase  to  ground  short  circuit  on  bus.  Instan- 
taneous relay  on  ttO:l  current  transformer  controlling  short  circuit 
switch,     Regular  relay  controlling  unit  switch 


the  e.m.f.  in  the  entire  circuit  is  doubled  as  are  also  the  re- 
sistances and  reactances.  Therefore  the  armature  current  is  the 
same  as  if  the  machines  were  short  circuited  at  their  terminals, 
that  is,  a  possible  maximum  of  15,800  amperes.  If  the  machines 
are  thrown  into  a  circuit  partly  out  of  step  the  maximtmi  current . 
is  equal  to  the  short  circuit  current  multiplied  by  the  sine  of 
half  the  angle  of  phase  displacement.  At  Fisk  Street  five  ma- 
chines are  run  in  parallel  diuing  the  peak.  Where  four  ma- 
chines are  feeding  a  bus  and  the  fifth  is  thrown  in  180  deg.  out  of 
step  the  total  e.m.f.  is  doubled  while  the  resistances  and  react- 
ances are  increased  only  1.25   per  cent.     This  means  that  there 
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would  flow  an  instantaneous  current  60  per  cent  greater  than  the 
short  circuit  current  of  the  machines.  With  6  per  cent  reactance 
in  series  with  each  generator  this  would  amount  to  25,300  am- 
peres. Without  external  reactance  this  wotdd  amount  to  46,000 
amperes  assuming  no  saturation. 

When  external  reactances  are  used,  the  drop  across  the  react- 
ance of  the  incoming  machine  might  be  as  high  as  13,000  volts. 
It  is,  therefore,  doubtful  if  the  reactance  as  designed  would  pro- 
tect the  generator  entirely  in  case  of  very  bad  synchronizing. 
The  25,300  amperes  is  60  per  cent  more  current  than  on  any 
short  circuit  and  some  of  the  short  circuits  while  they  did  not 
harm  the  turbine,  resulted  in  a  fairly  severe  shock. 

If  five  turbo-generators  are  running  in  parallel  and  an  internal 


O  A — Generator  e.m.f. 

O  B — Counter  e.m.f.  of  substation  unit. 

O  B* — Negative  vector  of  O  B 

O  C  — Resultant  e.m.f.  (of  O  A  and  O  B)  causing  cross  current  to  flow 

0 1 1  — Cross  current  with  small  amount  of  reactance 

O  /,  — ^Active  or  synchronising  component  of  0  / 

O  /j  — Cross  current  with  larger  amount  of  reactance  in  the  circuit 

O  /«  — Active  or  synchronising  component  of  O  I 

Fig.  40 


short  circuit  occurs  on  one  of  them  it  can  be  assumed  its  voltage 
drops  to  zero.  The  other  four  machines  will  then  feed  into  it. 
The  reactances  in  the  generator  leads  and  the  other  four  sets  of 
reactances  will  limit  the  current  from  the  busses.  Figuring  the 
generator  reactances  as  4  per  cent  and  the  external  reactance  as 
6  per  cent  the  amount  of  reactance  to  limit  the  current  will  be 
6  per  cent+i  of  10  per  cent  or  8^  per  cent.  The  pressure  across 
the  terminals  of  the  defective  machine  would  be  9000  volts. 
Therefore  the  current  that  would  flow  would  be  100/85  of  15,800 
or  about  18,600  amperes. 

In  order  to  find  the  maximum  instantaneous  kilowatts  of  turbo- 
generator No.  10  during  short  circuit,  curves  of  the  armature  and 
field  current  were  taken  from  representative  oscillograms  No.  317 
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and  No.  318  and  drawn  to  scale.  These  are  shown  in  Pigs.  41  to  44 
inclusive.  The  curves  show  the  armature  and  field  currents 
for  the  first  cycle  diuing  a  three  phase  short  circuit  with  6  per 
cent  external  reactance  at  9000  volts  generator  delta  pressure. 
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Fig.  41. — Curves  showing  wave  forms  and  rate  of  change  during  a  three- 
phase  short  circuit  with  6  per  cent  reactance  at  9,000  volts 

Neglecting  other  losses,  the  addition  of  the  P  R  values  gives  the 
total  power  generated. 

The  resistance  of  the  entire  circuit  per  phase  included  arma- 
ture, reactance  and  oil  switches,  as  measured  was  0.033  ohms. 


Fig.  42. — Curves  showing  waveforms  and  rate  of  change  d uringa  three- 
phase  short  circuit  with  6  per  cent  reactance  at  9,000  volts 

Oscillograms  show,  however,  considerable  drop  across  the  oil 
switch  used  for  short  circuiting.  This  drop  from  a  number  of 
oscillograms  corresponded  to  a  resistance  of  0.1  to  0.18  ohms. 
This  value  is  not  very  accurate  on  accotmt  of  the  small  deflection 
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on  the  oscillograms  measured.  The  oscillograms  also  show 
that  this  drop  is  not  always  directly  in  phase  with  the  current. 
The  resistance  of  the  generator  field  circuit  was  0.4  ohms,  ne- 
j^lccting  exciter  resistance. 


Fig.  43. — Curves  showing  wave  forms  and  rate  of  change  during  three- 
phase  delta  short  circuit  with  6  per  cent  reaction   of    9,000   volts 

Assuming  no  extra  resistance  in  the  switch,  the  maximimi 
instantaneous  kilowatts  as  shown  in  the  illustrations  occurred 
at  190  deg.  At  this  time  the  values  are  A  <f>,  8000  kw.,  B  <!>, 
1320  kw.      C<^,  2,670  kw.,  field  (induced  only)  2,720  kw.,  total 


Fig.  44. — Curves  showing   wave  form  and  rate  of  change  during  a  three- 
phase  delta  short   circuit  with  6  per  cent  reactance  at  9,000  volts 

14,700  kw.  The  full  load  kw.  is  constant  for  a  balanced  load 
and  is  12,000  kw.  Therefore,  the  maximum  instantaneous 
torque  is  1.2  times  the  full  load  torque.  If  0.1  ohm  is  added 
for  the  switch,  the  maximum  instantaneous  torque  becomes  4.8 
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times  the  full  load  torque.  This  neglects  the  power  supplied 
to  the  field  by  the  exdter  and  the  power  losses  due  to  the  stray 
magnetic  flux  of  the  armature  reaction. 

The  mean  kilowatts  during  the  first  cycle  as  shown  in  the  il- 
lustrations are  as  follows:  A  4>  1,940  kw.,  B  <f>  1,000  kw.,  C</) 
1,440  kw.     Field  (induced  only)  1,300  kw.,. total  5,680  kw. 

The  average  kilowatt  rating  of  the  generator  is  12,000  kw. 
Therefore,  the  average  torque  for  the  first  cycle  is  0.47  times  full 
load  torque.  If  0.1  ohm  is  added  for  the  switch,  the  average 
torque  for  the  first  cycle  is  1.9  times  full  load  torque. 

A  curve  showing  the  maximum  instantaneous  short  circuit 
ciurent  with  various  values  of  external  reactances  is  given  in 
Fig.  45. 
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Fig.   45. — Maximum  amperes  on  short  circuit   with  difEerent  external 
reactances.     Turbo-generator  No.  10  at  Fisk  Street   Station. 

Summary  and  Conclusions 

All  of  the  preceding  data  and  discussion  can  he  briefly  sum- 
marized in  a  few  general  conclusions,  as  follows: 

Experience  with  many  large  capacity,  high  speed  generators, , 
indicates  the  need  for  reducing  the  possible  current  which  may 
flow  into  a  fault. 

The  tests  indicate  that  the  instantaneous  short  circuit  current 
of  these  generators  is  actually  not  as  high  as  has  been  thought 
but  that  this  current,  due  to  its  comparatively  high  power  factor, 
produces  severe  stresses  on  the  generator  and  seriously  strains 
(he  oil  switches. 
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In  order  to  reduce  the  severity  of  these  strains  and  their 
wide  spread  eflFect  in  system  disturbances,  it  is  desirable  to  have 
a  higher  value  of  reactance  in  the  generator  circuit  than  many 
of  these  large  capacity  generators  have  been  designed  for.  In 
the  case  of  the  12,000-kw.,  9000-volt,  750-rev.  per  min.,  25-cycle 
units  it  appears  that  an  external  reactance  of  approximately 
6  per  cent  is  desirable.  A  lesser  value  than  this  does  not  reduce 
the  current  sufficiently  and  a  greater  value  results  in  a  very 
small  increment  of  decrease.  This  is  also  true  for  the  6  per  cent 
reactance  with  regard  to  the  torque  on  the  generator  resulting 
from  the  short  circuit. 

Such  reactances  will  limit  the  current  to  a  value  where  it  can 
be  safely  interrupted  by  properly  designed  oil  switches  and  will 
keep  the  torque  on  the  generator  down  to  so  low  a  value  that  even 
when  feeding  into  a  short  circuit  at  the  busbars  there  is  no  apprec- 
iable lessening  in  speed  nor  is  the  unit  subjected  to  severe  strains. 

The  use  of  the  neutral  rheostats  at  Fisk  Street  should  be  con- 
tinued even  after  the  reactances  are  installed  as  the  combination 
of  these  two  pieces  of  apparatus  tends  materially  toward  lessening 
the  spread  and  severity  of  short  circuits,  which,  in  most  cases  at 
least,  start  as  single-phase  short  circuits. 

Operating  experience,  covering  a  period  of  about  two  years 
with  reactances  in  connection  with  5000-kw.,  9000/20,000-volt 
transformers,  shows  these  coils  to  be  apparently  very  effective  in 
the  desired  direction. 

The  use  of  reactances  tends  to  make  the  operation  of  the 
system  as  a  whole  more  stable  and,  therefore,  increases  the 
reliability  of  the  service.  The  use  of  such  coils,  therefore,  is 
apparently  the  solution  of  one  of  the  most  serious  problems  and 
as  a  result  in  a  large  measure  of  the  extensive  tests  described 
above,  we  may  now  rest  assured  that  the  heavy  investments  al- 
ready made  and  still  to  be  made  in  power  stations  of  great  magni- 
tude are  secure,  and  that  the  safe-guarding  of  these  very  large 
capacity  tmits,  which  have  aided  so  materially  in  reducing  the 
cost  of  the  product,  is  a  definite  accomplishment. 
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the  tests,  to  Mr.  E.  B.  Merriam  and  staff  from  the  General  Elec- 
tric Company,  Messrs.  W.  A.  Durgin,  N.  J.  Conrad,  R.  H. 
Whitehead  and  others  from  the  Testing  Department  of  the  Com- 
monwealth Edison  Company  and  especially  to  Messrs.  Ehirgin 
and  Whitehead  for  assistance  in  working  out  the  very  complete 
set  of  results  which  permitted  a  proper  correlation  of  the  data 
ftnd  its  pr^^ntation  in  this  paper. 
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SOME  RECENT  TESTS  OF  OIL  CIRCUIT  BREAKERS 


BY    E.    B.    MERRIAM 


Introduction 

Whenever  an  electrical  circuit  carrying  considerable  energy 
is  opened  in  oil,  gases  are  generated.  These  expand  and  rise, 
and  tend  to  force  the  oil  out  of  the  containing  vessel.  They 
also  form  with  air  explosive  mixtures,  and  either  explode, 
or  bum  for  a  considerable  length  of  time  when  ignited.  It  is 
important,  therefore,  that  oil  circuit  breakers  be  provided  with 
strong  oil  containing  vessels  in  order  that  they  may  withstand 
the  high  initial  stresses  which  are  often  present  under  certain 
conditions  and  also  that  suitable  provision  be  made  for  retaining 
the  oil. 

In  order  to  check  tests  made  on  moderate  capacity  circuits 
and  to  study  the  operation  of  oil  circuit  breakers  and  current 
limiting  reactances  on  circuits  of  large  capacity,  under  various 
conditions,  arrangements  were  made  through  the  courtesy  of 
the  management  of  the  Commonwealth  Edison  Company  of 
Chicago,  111.,  to  use  one  of  its  generating  units  as  a  source  of 
power  for  tests. 

Apparatus 

These  tests  were  made  at  the  Fisk  Street  Station  (Fig.  1) 
during  the  early  part  of  the  year,  using  a  three  phase,  12,000-kw., 
yOOO-volt,  25-cycle,  turbo-alternator. 

The  following  apparatus  was  made  up  at  the  factory  and 
shipped  for  test: 

3  current-limiting  reactances,  Fig.  2  (no  iron  core). 

1  standard  triple-pole  type  F  form  H-3  oil  circuit  breaker 
(8  in.  diameter  oil  vessel). 

2  special  triple-pole  type  F  form  H-3  oil  circuit  breakers. 
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1  Standard  triple-pole  type  F  form  H-6  oil  circuit  breaker 

(10  in.  diameter  oil  vessel). 
3  standard  single-pole  type  F  form  K-2  oil  circuit  breakers. 


KiG.  1.  -Interior  of  Kisk  street  station,  Commonwealth  Edison  Company 

I   special  triple-pole  type  F  form  K-r2  oil  circuit  breaker. 

3  special  single- pole  type  F  form  K-12  oil  circuit  breakers. 

The  connections  are  given  in 
Fig.  3. 

For  the  purposes  of  observation 
and  measurement,  use  was  made 
of  two  three-element  electromag- 
netic oscillographs,  one  three- 
element  arc  length  recorder,  a 
special  gas  engine  indicator,  special 
spark  gaps,  movement  recording 
devices,  etc. 


Method  of  Tests 
Practically  all  of  the  tests  were 
either  three  phase  or  single  phase 
short  circuits,  some  to  ground  and 
some  between  phases.  The  short 
circuits  were  made  by  closing  the 
triple  pol^  type  F  form  Ka2  oil  Img.  2.— One  unit  of  generator 
circuit  breaker   shown    in    Fig.    4.      current-limiting  reactances 
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The  switch  under  test  then  automatically  opened  the  circuit, 
being  tripped  by  instantaneous  relays  operated  from  current 
transformers. 


Fig.  4. — Solenoid -operated  oil  circuit  breaker  used  for  throwing  on  slior 

circuits 

Observations 
During  all  the  tests,  an  endeavor  was  made  to  note  everything 
of  value  which  occurred  and  a  series  of  readings  were  taken  as 
follows: 


Fig.  5.^Flashlight    of    generator    current-limiting    reactances    during 

test  No.  27 

1.  Oscillograms  were  made  showing  the  relation  between  the  currents 
and  voltages  of  the  various  circuits,  such  as  alternator  armature 
current,  alternator  armature  voltage,  alternator  field  current, 
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alternator  field  voltage,  voltage  drop  across  reactances  and 
voltage  drop  across  oil  circuit  breakers. 

2.  Pieces  of  iron  of  small  weight  and  size,  placed  at  known  locations 
were  permitted  to  be  displaced  by  the  stray  fields  of  the  react- 
ances in  order  to  indicate  the  external  efforts  of  these  fields. 

li.  Thin  strips  of  paper  were  attached  to  the  reactance  coils  (Fig.  5) 
in  such  a  manner  as  to  make  it  impossible  for  the  coils  to  move 
without  tearing  the  strips. 

4.  Spark  gaps  were  placed  across  the  end  turns  of  the  reactances 

in  order  to  detect  any  voltage  rise. 

5.  Indicator  cards  were  taken  to  show  the  stresses  developed  in  the  oil 

vessels  of  the  various  circuit  breakers  during  test. 

6.  The  length  of  arc  in  the  oil  circuit  breakers  under  test  was  measured 

during  test. 


—  IE 


K-"  OIL  SWITCH 


F|3E 


f 


i-j 


UKJ 


-  CURRENT 
-TRANSFOAMER 


POTENTUL 
TRANSFORMER 


ALTERNATOR 
GROUND 

Fig.  6. — Diagram  of  connections  for  test  No.  27 

7.  Speed  records  were  taken  of  the  various  oil  circuit  breakers  during 
test  in  order  to  permit  analyzing  the  various  arc  length  and  pres- 
sure records. 

Tests 
Approximately  150  short-circuit  tests  were  made  during  this 
series  and  the  ones  given  below  have  been  selected  as  representa- 
tive. 

Test  No.  27.  For  this  test,  connections  were  made  as  in  Fig.  6,  the 
oscillograph  vibrators  being  connected  to  the  secondaries  of  the 
current  and  voltage  transformers  shown.  It  will  be  noted  that  a 
water  rheostat  was  connected  between  the  H-6  oil  circuit  breaker 
(Fig.  7)  and  the  K-12  oil  circuit  breaker  (Fig.  3).     It  should  also  be 
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noted  that  the  reactance  in  each  phase  gave  a  drop  of  approximately 
312  volts  at  rated  load  current  of  the  alternator,  this  being  known  as 
a  6  per  cent  reactance.  An  initial  load  of  about  7500  kw.  was  placed 
on  the  alternator  bv  the  water  rheostat  and  the  K-12  oil  circuit 


II 


Fig.  7. — Type  F  form  H-6  oil  circuit  breaker  during  test   No.  27 

breaker  was  then  closed,  super-imposing  a  short  circuit  on  the  testing 
system.  Oscillograms  Figs.  8  and  9  show  the  events  which  then 
occurred  and  Fig.  10  shows  the  length  of  the  arc  and  the  stress  which 
was  developed  near  the  wall  of  **  A  "  phase  generator  oil  vessel. 


N0.1  A  PHASE  H  6  LINE  OH  VC&SEL  VOLT'S. 
NO.?  A  PH'SE  H  C  ALT.  O'l  VCS3tL  VOl  '  5. 
N0..1  C   PHASE  H  6  ALT.    ARM.   AM->j. 


Fig.  8.    -Oscillogram   A   test   No.  27 

During  this  test,  some  smoke  came  out  of  the  oil  vessels  and  a  few 
drops  of  oil  were  drawn  up  by  the  switch  rods  along  the  inside  of  the 
bushings  of  the  oil  vessels  and  splashed  out.  The  reactance  windings 
were   not   displaced   nor   did    the   recording   apparatus   detect   the 
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slightest  movement  of  the  coils,  although  this  was  one  of  the  worst 
short  circuits  recorded. 
Test  No.  32.  Connections  for  this  test  are  shown  in  Fig.  11.  There 
was  no  initial  load  connected  to  the  alternator  and  the  circuit  breaker 
under  test  was  an  H-3  having  8  in.  diameter  oil  vessels  fitted  with  the 
baffles  shown  in  Fig.  12.  As  before,  the  oscillograph  vibrators 
were  connected  to  the  secondaries  of  the  voltage  and  current  trans- 


Na  1  AB  PHASE  ALT.  ARM.  VOLTS 
NO.  2  B  PHASE  ALT.  ARM.  AMPS. 
'O.  3  A     PHASE  ALT.  ARM.  AMPS. 

Fig.  9.— Oscillogram  B  test  No.  27 

formers  and  the  shunt  shown  in  the  wiring.  The  short  circuit  was 
thrown  on  by  the  K-12  oil  circuit  breaker.  The  resulting  oscillo- 
grams are  given  in  Figs.  13  and  14  and  the  stress  in  the  generator  oil 
vessel  of  **  A  **  phase,  velocity  of  the  oil  circuit  breaker  contacts, 
«and  the  arc  length  record  are  given  in  Fig.  15.  Some  oil  and  smoke 
came  out  of  the  H-3  oil  vessels  during  this  test.  Besides  this,  the 
generator  oil  vessel  in  "  B  "  phase  was  distended  sufficiently  by  the 


TIME  IN  SECONDS 

0        0.U8   0.125   0.17    0.21   o.JM   o.;ut ia; 


I 
S  10 


CONTACT 


STROKE  IN  INCHES 


Fig.  10.    -Arc  length  and  pressure  reionls  Lest  ND.  27 

pressure  developed  within  it  to  permit  its  top  to  be  forced  out  but 
without  in  any  way  injuring  the  threads.  On  examination,  it  was 
found  that  the  expansion  bolt  in  this  top  had  not  been  tightened. 
The  top  was  then  replaced,  the  expansion  bolt  tightened  and  no 
trouble  of  this  nature  was  recorded  in  any  of  the  succeeding  tests. 
Test  No.  61.  Connections  were  made  as  shown  in  Fig.  16.  The  reac- 
tance was  changed  so  as  to  have  only  4  per  cent  in  series  in  each 
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phase  of  the  generator.  The  H-3  oil  circuit  breaker  was  fitted  with 
oil  diverters  shown  in  Fig.  17  and  as  before,  the  oscillograph  vibrators 
were  connected  to  the  secondaries  of  the  current  and  voltage  trans- 
formers and  the  shunt  in  the  generator  field.     The  oscillograms  ob- 


H-'0«L  SWITCH 
AUTa 


k"  oil  switch 


POTENTIAL 
it TRANSFORMER 


CURRENT 
TRANSFORMER 


POTENTIAL 
TRANSFORMER 


ALTERNATOR 
GROUND 


Fig.   11. — Diagram  of  connections  test  No.  32 

tained  are  shown  in  Figs.  18  and  19  and  the  arc  length,  stress  records, 
etc.,  are  shown  in  Fig.  20,  the  speed  curve  being  developed  in  Fig.  21. 
During  this  test,  some  oil  and  smoke  came  out  of  the  oil  vessels  of 
the   H-3  switch.     Some  burning   gases  came  out  of  the    "  cuckoo 


Fig.   12. — Baffle  of  H-3  oil  circuit  breaker  used  in  test  No.  32 

door"   of    generator    oil   vessel  in     *'  C "     phase    and  it  was  also 
noted  that  the  door  of  this  cell  opened  a  little  bit. 
Test  No.  171.     Connections  for  this  test  were  made  as  in  Fig.  23  and 
6  per  cent  reactance  was  replaced  in  each  of  the  phases.     The  triple 
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pole  type  F  form  K-12  oil  circuit  breaker  was  made  automatic  and 
opened  the  short  circuit  which  was  thrown  on  the  system  by  the 
three  (3)  single  pole  type  F  form  K-12  oil  circuit  breakers.  The  re- 
sulting oscillograms  are  shown  in  Figs.  24  and  25  and  the  pressure 
diagrams  and  arc  lengths  in  Fig.  25.  Duriug  this  test,  some  smoke 
and  oil  came  out  of  the  oil  vessels  but  both  were  directed  downward 
by  the  external  diverters  with  which  this  circuit  breaker  was  equipped. 


*-^AM 


Na   1  ALT.  FLO.  AMP8. 

Na  2  A  PHASE  H-«  ALT.  OIL  VESSEL  VOLTS. 


Fig.  13. — Oscillogram  A  test  No.  32 

These  proved  very  effective  and  did  not  permit  the  oil  and  gases 
to  be  thrown  outward. 
Test  No.  173.  Connections  for  this  test  were  similar  to  those  shown  in 
Fig.  23.  The  H-3  oil  circuit  breaker  was  made  automatic  and  one 
phase  fitted  with  an  oil  diverter.  Short  circuit  was  thrown 
on  by  the  triple  pole  K-12  oil  circuit  breaker  and  the  resulting 
oscillograms  are  given  in  Fig.  27,  the  arc  length  and  stress  diagrams 
being  shown  in  Fig.  28.     The  action  of  the  H-3  oil  circuit  breaker 


NO.  I  A  R  PHASE  ALT.  ARM.  VOLTS 
NO.  2  B  PHASE  ALT.  ARM.  AMPS. 
NO.  3  A  PHASE  ALT.  ARM.  AMPS. 

Fig.  14— Oscillogram  B  test  No.  32 

during  this  test  is  shown  in  Fig.  29.  It  is  seen  therefrom  that  some 
smoke  and  oil  came  out  of  "  C  "  phase  oil  vessels  and  some  smoke 
came  from  "  B  "  phase  oil  vessels,  while  "  A  "  phase  oil  vessels  showed 
no  external  disturbance.  For  this  test,  the  *'  A  "  phase  oil  vessels 
were  fitted  with  oil  diverter  shown  in  Fig.  17,  "  B  "  phase  oil  vessels 
were  fitted  with  a  special  oil  diverter.  '*  C  "  phase  oil  vessels  were 
fitted  with  oil  diverter  shown  in  Fig.  12,  thus  giving  a  comparison 
of  the  action  of  these  three  schemes. 
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Effect  of  Short  Circuit  on  Generator 
In  tests  of  this  nature,  it  has  always  been  noted  that  the  field 
current  of  the  alternator  rises  when  the  armature  is  short  cir- 
cuited.    Values  as  high  as  ten  times  field  current  at  rated  no 


Time  in  seconds 

0 OUT        0.1 1  O.H         U.I75       0.21  0.25     0.55 


3   0 


5  8  II  14  17       n 

STROKE  IN  INCHES 


Fig.  15.  —Arc  length  and  pressure  records  test  No.  3*2 

load  voltage  of  the  alternator  were  observed  during  these  tests 
and  the  form  of  these  field  currents  is  shown  in  Figs.  13  and  18. 
This  phenomenon  is  dependent  upon  the  inter-action  between 


K-"OIL  SWITCH 


,rn 


'  OIL  SWITCH 
AUTa 


lo  I  fc  3C  ''°^^''^'*'' 


TRANSFORMER 


u 


REACTANCE 


-    CURRENT 
.TRANSfORMCR 


POTENTIAL 
TRANSFORMER 
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Pig.   16. — Diagram  of  connections  for  test  No.  61 

the  field  and  armature  coils,  and  the  maximum  value  which  the 
field  current  attains  is  dependent  upon  the  co-axial  relation  of 
the  two  circuits  and  their  electrical  constants.  It  was  also 
noted  during  this  series  of  tests  that  spits  of  fire  came  out  of  the 
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alternator  field.  This  has  often  been  noticed  in  connection 
with  high  voltage  transformers  suddenly  thrown  on  a  live  circuit 
and  is  doubtless  due  to  the  very  high  voltage  induced  in  the 


Pig.    17. —Oil   diverter  of   H-3  oil  circuit  breaker  used   in   test    No.   61 

alternator  field  windings  when  a  short  circuit  current  is  estab- 
lished in  the  alternator  armattire.  Our  records  show  that  this 
voltage  can  be  as  high  as  seven  times  normal,  although  it  may 


Na1 


v^'AAA/V 


NO.  1  A  B  PHASE  ALT.  ARM.  VOlTS. 
NO.  2  B  PHASE  ALT.  ARM.  AMPS. 
Na  3  A  PHASE  ALT.   ARM.  AMPS. 


Pig.   18.— Oscillogram  A  test  No.  61 

have  been  considerably  higher,  since  wq  only  made  a  few  meas- 
urements. 

In  some  of  the  single  phase  tests  and  also  in  some  of  the  tests 


No.  3 

n/VVWVWVVVvwv 


NO.    1  ALT.  FLO.   AMPS. 

NO.  2  A  PHASE  H3  ALT.   OIL  VESSEL  VOLTf 

N0.8  C  PHASE  ALT.   ARM.  AMPS. 


Pig.  19. — Oscillogram  B  test  No.  61 

where  the  short  circuit  was  thrown  on  by  three  (3)  single  pole 
circuit  breakers,  it  was  noticed  that  the  voltage  of  the  phase 
not  short  circuited  rose  to  a  very  high  value,  some  times  as  high 
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as  two  and  a  half  times  normal.  This  was  probably  due  to  the 
very  large  current  induced  in  the  field,  which,  acting  on  the  un- 
loaded phase,  produced  a  voltage  rise. 

The  end  turns  of  the  alternator  did  not  move  during  any  of 

Time  in  seconds 

0      0.07  0.li         0.17         0.22        0.aU5         U.35    0.<M 
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Fig.  20. — Arc  len^^th  and  pressure  records  test  No.  61 

these  tests,  a  rigid  inspection  being  made  at  frequent  intervals 
to  detect  any  such  movement. 

There  was  no  appreciable  drop  in  the  speed  of  the  alternator 


VELOCITY  CURVE 
TYPE  F  FORM  H^  6W. 

TEST  ma  61 


0.2      o.'i      U.4      (>.:i 
TIME  IN  SECONDS 


Fig.  21. 


-Developed  velocity  curve  of  H-3  oil  circuit  breaker  taken  during 
test  No.  61 


when  the  short  circuits  were  thrown  on,  probably  due  to  the 
current  limiting  value  of  the  reactances  discussed  later. 

In  comparative  short  circuit  tests  made  with  the  throttle 
of  the  turbine  open  and  with  the  throttle  closed,  practically 
the  same  currents  were  produced  in  the  test  circuit. 
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A  number  of  tests  were  made  by  grounding  one  or  all  of  the 
three  phases  of  the  ciraiit.  In  all  such  cases,  it  was  noted  that^ 
the  effects,  as  instanced  by  the  action  of  the  oil  circuit  breaker 
under  test,  were  very  much  more  violent  than  when  the  short 
circuit  was  between  phases.  It  was  also  noted  that  when  the 
water  rheostats  were  connected  to  the  test  circuit  as  an  initial 
load,  their  neutral  point  also  being  grounded,  the  effects  were 
very  much  more  violent  than  when  this  initial  load  was  absent. 

At  the  completion  of  the  tests,  the  generator  was  immediately 
placed  in  commercial  service  and  is  still  operating,  none  the  worse 
for  the  severe  service  demanded  of  it  throughout  this  series. 


Fig.  22. — H-3  oil  circuit  breaker  opening  during  test  No.  61 

This  goes  far  to  show  the  great  value  of  current  limiting  react- 
ances in  diminishing  the  jar  on  a  generating  equipment. 

Performance  of  Reactances 
The  current  limiting  reactances  which  were  used  in  these 
tests  consisted  of  76  turns  of  1,000,000  cir.  mil  copper  cable  wound 
on  a  cement  core  and  supported  by  a  wooden  framework.  Each 
coil  was  made  up  in  three  layers.  Terminals  were  brought  out 
at  the  top  and  bottom.  The  result  was  a  cement  cored  reactance 
having  no  iron  in  or  about  it.  This  construction  was  employed 
since  the  introduction  of  iron  would  not  appreciably  increase  the 
current  limiting  value  of  the  device.  It  was  also  found  with 
the  particular  generator  under  test   that   the  introduction   of 
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6  per  cent  reactance  in  each  phase  halved  the  maximum  in- 
stantaneous current  and  reduced  the  torque  on  the  turbine 
shaft  to  about  one  seventh  of  what  it  would  have  been  without 
the  reactance.  In  mentioning  6  per  cent  reactance,  it  should  be 
recalled  that  this  refers  to  the  drop  across  the  reactance,  which, 
with  rated  load  cturent  through  it  at  rated  frequency,  would  be 
6  per  cent  of  the  rated  phase  voltage  of  the  alternator.  The 
reactances  also  maintained  the  terminal  voltage  of  the  alternator 
when  a  short  circuit  was  thrown  on  the  system  beyond  the  react- 
ances, and  permitted  the  generator  to  recover  its  normal  voltage 


C    POTENTIAL 
TRANSFORMER 


CURRENT 
■TRANSFORMER 


,     ,     POTENTIAL 
LJ  TRANSFORMER 


r GROUND 

Fiti,  '2'A.     Diagram  of  connections  for  tests  17!   and   173 


after  a  short  circuit  had  been  removed  much*  more  rapidly  than 
would  have  been  the  case  had  the  short  circuit  been  placed 
directly  across  its  terminals.  This  makes  them  of  great  im- 
portance where  a  synchronous  load  is  connected  to  a  system 
since  one  of  the  two  features  for  holding  a  synchronous  load  is 
the  maintenance  of  voltage. 

As  a  result  of  the  reduction  of  the  torque  on  the  turbine  due  to 
the  introduction  of  reactances,  there  was  practically  no  drop  in 
speed  when  a  short  circuit  was  thrown  on  it.  Hence,  the  fre- 
quency of  the  system  was  maintained  at   practically    normal 
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value,  and  this,  together  with  the  maintenance  of  the  alternator 
voltage,  as  previously  described,  tended  to  markedly  improve 
the  operation  of  synchronous  apparatus  under  abnormal  con- 
ditions. 


NO.  1  B  PHASE  K.I2  VOLTS 
NO.  2  C  PHASE  K-12  VOLTS 
NO.  3  C  PHASE  ALT.  ARM.  AMPS. 


Fig.  24.— Oscillogram  A  test  No.  171 

Ciurent  limiting  reactances  also  change  the  power  factor  of 
a  short  circuit  and  distort  the  wave  form  of  the  system  as 
may  be  seen  on  comparing  the  first  parts  of  curves  1  and  2  in 


(No.  1    A  PHA6E  TO  NEUTRAL  ARM.   VOLTS 
No.  2  A  Phase  k-i2  volts 
Na  3  A  PHASE  ALT.   ARM.  AMPS. 

Fig.  25.— -Oscillogram  B  test  No.  171 

Fig.  25.  The  stray  fields  of  these  reactances  were  not  sufficient 
to  distort  the  coils  in  any  way  and  at  a  distance  of  several  feet, 
iron  screens  were  not  noticeably  attracted  nor  were  they  ap- 
preciably heated. 
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Action  of  Oil  Circuit  Breakers 
In  the  discussion  of  various  tests,  it  was  noted  that  at  times 
some  oil  was  thrown  out  of  the  oil  vessels.  By  suitable  baffling, 
the  energy  imparted  to  the  oil  by  the  expansion  and  explosion 
of  the  gases  generated  in  the  oil  vessels  was  absorbed  and  the 
operation  of  the  circuit  breaking  device  materially  improved 
and  its  rupturing  capacity  increased. 


iA/V\r\A?Wvvvvv^ 


NO.I  A  PHASE  TO  NCUTRAL  ALT.  ARM.  VOLTS 
NO. 2  A  PHASE  ALT.  ARM.  AMPS. 

Fig.  27.— Oscillogram  test  No.  173 

It  was  also  found  possible  to  separate  the  gases  from  the  oil, 
thereby  permitting  the  gases  to  escape  into  the  air  and  the  oil  to 
be  retained  in  the  oil  vessels. 

In  a  commonly  constructed  design,  a  small  distortion  of  the  oil 
vessels  permits  a  considerable  quantity  of  oil  to  be  thrown  out. 
This,  however,  can  be  readily  prevented. 

It  is  very  often  found  convenient  to  install  oil  circuit  breakers 


TIME  IN  SECONDS 
0.055   0.0W)    O.n   0.106    0.-20    0.2S 


3  « 


n 
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0         1         2         :l         ^         6         U 

STROKE  IN  INCHES 

Fig.  26. — Arc  length  and  pres- 
sure records  test  No.  171 


TIME  IN  SECONDS 
0  0.08       0.1  a.     0.19      0.24    0.2W    CMS  i 


5  8  U         14         17     19 

STROKE  IN  INCHES 

Fig.  28. — Arc  length  and  pressure 
records  test  No.  173 


in  fire  resisting  compartments.  By  means  of  external  oil 
diverters,  it  was  found  possible  to  direct  the  gases  and  oil  thrown 
out  of  the  oil  vessels  to  the  lower  parts  of  the  cells.  In  reported 
cases  on  other  systems,  gases  from  oil  circuit  breakers  have  been 
known  to  ignite,  resulting  in  an  explosion.  Suitable  bafSes 
and  diverters  can  be  designed,  however,  to  take  care  of  these 
conditions. 
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In  ail  of  these  tests,  the  temperature  of  the  oil  was  roughly 
noted  and  in  no  case  was  it  found  to  have  been  raised  an  ap- 
preciable amount  after  short  circuit  was  opened.  In  some  recent 
tests  where  successive  short  circuits  were  opened  by  oil  circuit 
breakers  (some  times  as  many  as  six  in  ten  seconds)  it  was  also 
found  that  the  oil  did  not  heat  appreciably.  It  is  thought  that 
this  is  due  to  the  intensely  local  action  of  the  oil  circuit  breaker, 
for,  when  the  contacts  part,  the  arc  which  is  drawn  produces 
gases  which  form  pockets  in  the  oil. 

The  larger  oil  vessels  of  the  H-6  form  were  of  greater  assistance 


1           ^ 

'WM*  ^m 

^ 

j 

Fig.  29. — H-3  oil  circuit  breaker  opening  during  test  No.  173 

in  opening  a  circuit.  The  results  show  that  the  stress  developed 
in  the  10-in.  diameter  oil  vessel  is  only  from  one-third  to  one-fifth 
of  that  developed  in  an  8-in.  diameter  oil  vessel  of  the  H-3  form. 

It  was  found  that  by  diminishing  the  velocity  with  which  the 
contacts  parted,  there  was  more  disttirbance  and  the  rupturing 
capacity  of  the  device  was  greatly  diminished. 

The  length  of  break  is  directly  connected  with  the  velocity 
of  moving  contacts.  A  long  break  is  very  desirable  in  as  much 
as  it  gives  a  large  factor  of  safety  under  normal  operating  con- 
ditions and  a  much  greater  rupturing  capacity  in  emergencies. 
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A  preliminary  review  of  these  tests  shows  that  the  oil  drcuit 
breakers  opened  all  of  the  loads  or  short  circuits  without  pro- 
ducing any  external  disturbances  or  developing  any  undue 
pressures,  and  their  ultimate  rupturing  capacity  was  not  reached. 
The  main  current  carrying  parts  were  well  protected  from  burn- 
ing by  the  arcing  contacts  and  these  latter  were  not  materially 
injured  after  opening  and  closing  numerous  short  circuits.  The 
temporary  cell  structure,  although  made  of  inflammable  ma- 
terials, was  not  injured  in  any  way,  and  practically  no  stresses 
were  developed  in  the  cells. 

During  some  of  these  tests  a  small  quantity  of  oil  came  out  of 
the  oil  vessels,  was  deposited  on  the  cell  doors  and  spreading 
out  very  thin  gave  the  impression  of  a  larger  amount.  By  actual 
measurements  after  a  number  of  severe  short-circuits  it  was 
found  that  only  5  per  cent  of  the  oil  had  been  lost.  The  re- 
peated use  of  the  oil  in  the  oil  vessels  did  not  appreciably  diminish 
its  efficiency  and  the  introduction  of  suitably  designed  oil  baffles 
and  diverters  overcame  the  tendency  for  the  oil  to  come  out  of 
the  oil  vessels.  The  oil  diverters  and  baffles  experimented  with 
can  be  readily. applied  to  existing  circuit  breakers  at  compara- 
tively small  expense  and  with  practically  no  changes  to  the  orig- 
inal installation. 
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DEVELOPMENT  OF  THE  MODERN  CENTRAL 
STATION 


BY  CHARLES  PROTEUS  STEINMETZ 

The  predecessor  of  the  huge  modern  central  station  is  the 
Edison  direct-current  three- wire  station,  which  was  developed 
20  years  ago.  By  a  system  of  feeders  and  mains,  direct  current 
was  distributed  at  220- volts  from  a  station  located  at  the  center 
of  power  demand.  When  the  limit  of  economical  distribution 
from  a  single  station  was  reached,  additional  stations  were  built, 
and  all  the  stations  connected  by  tie-lines. 

Characteristic  of  these  stations  were  the  good  voltage  regula- 
tion, incident  to  the  system  of  feeders  and  mains;  the  high 
economy,  resulting  from  the  parallel  operation  of  all  the  stations 
and  the  consequent  reduction  of  light  load  losses  to  a  minimum, 
and  the  high  reliability  of  service,  which  stands  unexcelled  even 
to-day,  and  which  resulted  from 

a.  The  parallel  operation  of  all  the  stations,  which  guarded 
the  system  in  case  of  breakdown  of  one  or  several  stations; 

b.  The  storage  battery  reserve,  which  maintained  service 
even  at  a  complete  shut  down  of  all  the  generating  stations,  and 
especially 

c.  The  nature  of  the  system  of  low  tension  feeders  and  mains, 
which  limited  the  effect  of  any  breakdown  at  any  point  of  the 
system  to  its  immediate  vicinity,  by  limiting,  by  the  resistance 
of  feeders  and  tie-lines,  the  power  which  could  be  concentrated 
at  any  point,  to  such  an  extent,  that  no  local  breakdown  could 
involve,  or  even  seriously  affect  the  entire  system. 

It  must  be  conceded  that  in  this  latter  respect  this  low-tension 
system  was  safer  than  even  the  present  modern  high -voltage 
generating  systems,  and  in  the  latter  the  problem  of  the  localiza- 
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tion  of  the  effect  of  any  breakdown  is  still  the  most  important 
one  in  the  development  of  the  modem  central  station. 

The  most  serious  disadvantage  of  the  direct  ciurent  three-wire 
generating  station  was  the  limited  distance  to  which  power  could 
be  transmitted  economically  at  220  volts.  This  lin^ted  the  use 
of  the  system  to  densely  populated  districts;  as  the  interiors  of 
large  cities  were  within  the  economic  radius  of  220- volt  distribu- 
tion a  load  for  a  generating  station  of  economical  size  could  be 
found.  It  also  did  not  permit  the  best  economy  of  operation, 
as  it  required  the  location  of  the  generating  stations  in  the  interior 
of  the  cities. 

The  limitations  in  the  distance  of  transmission  were  soon 
overcome,  and  electric  power  made  generally  available,  by  the 
alternating-current  system.  As  it  was  first  developed,  as  single- 
phase  high-frequency  system  with  individual  transformers  at' 
the  customers*  premises,  it  had  the  fatal  defect  of  large  all  day 
losses  in  the  transformers,  and  as  the  result,  most  of  these  early 
alternating-current  stations  were  not  an  economical  success, 
and  the  alternating-icurrent  system  became  economically  feasible 
only  by  the  introduction  of  the  three-wire-secondary  mains,  fed 
from  large  transformers  by  primary  feeders,  that  is,  the  main 
features  of  the  Edison  feeder  and  main  system,  from  which  the 
modem  alternating  current  system  differs  only  by  the  substitu- 
tion of  high-tension  feeder  and  transformer,  for  the  low-tension 
feeder  of  the  direct-current  system,  and  by  the  addition  of  a 
fourth  wire  or  other  method  (as  separate  feeders),  to  take  care 
of  power  distribution  to  motors. 

The  final  power  supply  to  the  customers,  for  lighting  or  other 
domestic  services,  is  now  generally  from  a  three-wire  220-volt 
main,  by  direct  current  in  the  interior  of  large  cities,  by  alter- 
nating current  in  less  densely  populated  districts.  The  charac- 
teristics which  make  the  direct-current  systems  suited  for  more 
concentrated,  the  altemating-current  system  for  less  concen- 
trated demands,  are: 

Reactive  drop  and  magnetic  screening  are  absent  with  direct 
current,  and  large  conductors  can  thus  be  used,  carrying  larger 
currents  than  are  economical  with  alternating  distribution. 
A  greater  density  of  load  can  thereby  be  taken  care  of,  larger 
power  supplied  over  each  feeder,  and  voltage  regulation  at 
every  feeding  point  in  the  mains  thus  becomes  economically 
feasible.  The  mains,  tied  together,  exchange  power  between 
feeders,   and   thereby   equalize  the   voltage.     Storage  battery 
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reserve  is  conveniently  feasible,  with  its  great  increase  in  the 
service  reliability.  For  certain  classes  of  service,  as  high  speed 
elevators,  the  direct-current  motor  is  further  developed.  How- 
ever, the  low-tension  direct-current  feeder  must  be  carried  back 
to  a  generating  station  or  converter  substation. 

With  alternating-current  supply,  2200-volt  high-tension 
feeders  can  be  used,  and  a  much  larger  territory  thereby  supplied 
from  one  station.  Much  lower  voltage  drops  are  feasible  in  the 
high-tension  alternating-current  feeders,  than  in  the  low-tension 
direct-current  feeders,  and  several  transformers  with  their 
secondary  mains  can  thus  be  supplied,  with  fair  regulation,  from 
the  same  primary  feeder,  and  this  allows  the  installation  of  small 
mains  of  limited  extent.  The  secondary  mains  may  be  sec- 
tionalized  without  serious  disadvantage  in  regulation.  The 
high  efficiency  of  the  modem  transformer  permits  economical 
power  supply  in  districts  which  can  not  be  reached  by  direct 
current,  as  the  load  is  so  scattered  that  only  a  moderate  amount 
of  power  is  accessible  to  each  main,  and  sufficient  load  for  the 
economical  operation  of  a  converter  substation  could  not  be 
found  within  the  economical  radius  of  such  a  station. 

The  economic  disadvantage  of  the  location  of  a  number  of 
direct-current  generating  stations  in  the  interior  of  large  cities 
led  to  their  replacement  by  converter  substations,  which  re- 
ceive their  power  from  a  large  three-phase  generating  station, 
usually  at  25  cycles.  Thus  originated  the  present  system  of 
monster  three-phase  power  generating  stations,  which  supply 
numerous  converter  substations  for  220- volt  underground  direct- 
current  distribution  in  the  interior  of  the  cities,  with  storage 
battery  reserve;  supply  transformer  or  frequency  converter 
substations  for  2200-volt  alternating  primary  distribution  in 
the  less  densely  populated  districts,  600-volt  converter  sub- 
stations for  railway,  and  supply  three-phase  25-cycle  power 
direct  to  large  motors.  Reliability  insurance  against  a  serious 
breakdown  in  the  generating  station  led  to  the  subdivision  of 
the  power  generation  in  two  or  more  main  generating  stations, 
and  so  we  see  now  in  operation  in  this  country  huge  generating 
stations,  cooperating  \^dth  each  other  and  with  smaller  outlying 
stations,  very  similar  in  principle,  though  vastly  greater  in 
magnitude,  than  the  direct-current  three- wire  generating  stations 
of  15  years  ago.  To  the  former  direct-ctirrent  generating  stations 
thus  correspond  in  the  present  central  station  development  not 
the  converter  substations  of  the  direct-current  distribution  sec- 
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tion  of  the  system,  but  the  main  three-phase  generating  stations, 
and  to  the  220-volt  feeders  and  tie-lines  between  the  stations 
correspond  the  6,600-,  9,000-  or  20,000-volt  power  feeders  from 
the  main  generating  stations  to  the  substations,  and  the  tie-lines 
between  the  generating  stations. 

Comparing  the  modem  system  of  high  voltage  three-phase 
generating  stations,  which  supply  power  to  a  large  dty  and 
almost  to  a  state,  with  the  system  of  low  voltage  direct  current 
generating  stations  of  old,  we  find,  besides  the  vastly  greater 
amotmt  of  power  of  the  modem  system,  and  correspondingly 
greater  destructiveness  of  the  power  when  beyond  control,  two 
essential  differences: 

a.  The  alternating  nature  of  the  power  involves  in  the  parallel 
operation  of  the  generating  stations,  as  required  by  economy 
and  reliability,  the  problem  of  S3mchronizing,  which  did  not 
exist  with  the  direct  current  stations. 

b.  While  in  the  direct  current  system  the  power,  which  could 
be  developed  at  any  point  in  the  system,  was  limited  by  the  re- 
sistance of  feeders  and  mains,  and  the  limited  power  of  the  gen- 
erators, and  an  accident  anjrwhere  in  the  system  could  not 
seriously  involve  the  entire  system,  but  remained  essentially 
local  in  character,  in  the  present  system  the  maximum  power  is 
available  practically  everywhere,  and  an  accident  or  disturbance 
may  be  felt  over  the  entire  system.  That  is,  the  safety  resulting 
from  the  locally  limited  power,  and  corresponding  reliability, 
of  the  direct-current  system,  is  not  inherent  in  the  modem  high- 
power  and  high-voltage  alternating  system,  and  before  the  opera- 
tion of  the  present  huge  systems  can  be  as  safe  and  as  reliable  as 
that  of  the  low-tension  direct-current  systems  was,  means  must 
be  foimd  to  limit  the  power  which  can  be  developed  in  case  of 
accident  anjrwhere  in  the  system,  to  a  safe  value,  that  is  a  value 
which  would  not  seriously  affect  or  endanger  the  operation  of 
the  system. 

The  safety  of  the  low-tension  direct-current  system  against 
general  distiu-bances  caused  by  a  local  accident,  such  as  a  short 
circuit,  was  the  result  of  the  relatively  high  resistance  of  circuits; 
it  was  however  paid  for  by  a  lower  efficiency  of  distribution,  result- 
ing from  the  losses  in  the  line,  such  as  are  no  longer  permissible  in 
our  modem  large  systems,  and  if  permissible,  would  not  be  feasible, 
as  the  distribution  cables  could  not  dissipate  the  power  without 
self-destruction.  However,  due  to  the  alternating  nature  of 
the  power,  voltage  can  be  consumed  in  the  modem  systems,  and 
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the  current  limited  thereby,  without  corresponding  loss  of  power, 
by  reactance;  and  to  make  our  modem  high -voltage  high-power 
systems  as  safe  against  local  accidents,  as  were  the  low-tension 
direct-current  systems,  power-limiting  reactances  must  in  the 
former  take  the  place  of  the  resistance  of  lines,  feeders  and  mains 
of  the  latter  sj^stem. 

The  industry  has  been  slow  to  realize  the  importance  of  reac- 
tance in  giving  s^ety  and  corresponding  reliability  to  high- 
power  generating  systems.  The  reason  was  a  prejudice  against 
reactance,  which  had  survived  from  the  early  days  of  the  single- 
phase  high-frequency  systems,  in  which  the  reactance  in  gen- 
erators, lines  and  transformers  had  been  the  enemy  which  spoiled 
the  desired  voltage  regtdation.  We  are  just  beginning  to  realize 
now,  that  in  the  huge  systems  which  use  a  large  part  of  their 
power  by  synchronous  machines,  as  converters,  frequency  chang- 
ers, etc.,  reactance  is  not  an  enemy  to  regtdation,  but  affords 
the  most  effective  means  of  voltage  regulation  by  phase  control. 

A  considerable  amount  of  reactance  is  necessary  for  safety, 
to  limit  the  possible  local  concentration  of  power,  and  for  voltage 
regulation  in  systems  containing  synchronous  machines,  and  also 
for  the  stability  of  the  latter,  as  the  parallel  operation  of  s)m- 
chronous  machines,  whether  generators,  motors  or  converters, 
is  possible  only  if  the  circuit  between  the  machines  contains  con- 
siderable reactance. 

In  a  station  or  group  of  stations  of  100  to  200  megawatts 
generator  capacity,  in  high-speed  turbo  alternators — and  there 
are  a  number  of  such  stations  now  in  existence — with  a  momen- 
tary short  circuit  current  of  30  to  40  times  full  load  current,  the 
maximum  current  which  could  momentarily  appear  at  a  short 
circuit  on  the  bus  bars,  would  correspond  to  from  three  million 
to  eight  million  kilowatts.  When  opening  such  a  short  circuit, 
the  power  at  the  opening  break  must  pass  from  zero  at  short 
circuit  to  zero  at  open  circuit,  over  the  maximum  momentary 
output  of  the  generator,  which  is  one-half  the  product  of  short 
circuit  current  and  open-circuit  voltage,  or  from  one  and  one- 
half  to  four  million  kilowatts.  It  is  obvious  that  no  switching 
mechanism  can  be  designed  which  can  always  be  relied  upon  to 
open  such  power,  and  which  at  the  same  time  is  sufficiently  small 
and  reasonable  in  cost,  to  employ  hundreds  of  them  in  the  sys- 
tem, on  the  generators,  feeders,  etc.  Hence  the  insertion  of 
power-limiting  reactance  in  generators,  busbars,  etc.,  becomes 
necessary  for  the  safety  of  the  system. 
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The  low-tension  direct  current  generators  of  old  probably 
gave  a  momentary  short  circuit  current  of  three  to  five  times  full 
load  current,  and  at  permanent  short  circuit  lost  their  excita- 
tion. The  modem  high  efficiency  turbo-alternator  gives  from 
three  to  five  times  full  load  current  on  permanent  short  circuit, 
but  nearly  10  times  as  much  momentarily.  While  the  permanent 
short  circuit  current  is  within  safe  limits  of  the  mechanical  and 
electrical  strength  of  modem  apparatus,  the  momentary  short 
circuit  current  is  not,  but,  allowing  for  the  advance  in  the  art  of 
machine  design  since  the  days  of  the  low-tension  direct  current 
machine,  a  momentary  short  circuit  current  of  10  to  12  times 
full  load  current  would  be  within  safe  limits.  This  means  in- 
creasing the  self-inductive  reactance  of  the  generator  to  8  to  10 
per  cent.  It  can  either  be  done  by  the  insertion  of  external 
reactance,  preferably  in  the  phase  leads,  or  by  the  design  of  the 
generator,  or  by  both.  Internal  reactance  of  the  generator 
of  the  required  amount  interferes  with  economical  design,  and 
has  the  disadvantage  of  offering  no  protection  in  case  of  an  internal 
short  circuit  which  eliminates  the  generator  reactance,  and  the 
preferable  method  thus  is  to  give  the  generator  a  reasonably  high 
internal  reactance  (3  to  5  per  cent)  and  insert  additional  reac- 
tance in  the  phase  leads,  of  4  to  6  per  cent*  Where  step-up 
transformers  or  auto-transformers  are  used,  they  can  be  designed 
to  afford  the  required  external  reactance. 

Even  when  limiting  the  momentary  short-circuit  ciurent  of 
the  generators  to  10  times  full  load  current,  with  the  parallel 
operation  of  a  system  of  several  himdred  megawatts  generator 
capacity,  the  momentary  short  circuit  power  would  still  approach 
millions  of  kilowatts.  It  therefore  becomes  necessary  in  these 
large  systems,  either  to  operate  the  system  in  a  number  of 
separate  sections,  or  to  sectionalize  the  busbars  by  power 
limiting  reactances. 

The  former  is  frequently  done,  but  appears  to  me  a  temporary 
expedient  only,  and  economically  impracticable  as  a  permanent 
condition  of  operation.  When  limiting  the  generator  capacity 
per  section  to  a  maximum  of  60  megawatts,  three  or  foiu*  sections 
would  be  required  in  some  of  the  existing  systems.     As  this 

•These  power- limiting  reactances  must  maintain  their  reactance  at 
short  circuit.  Thus,  if  iron  is  used  in  them,  the  densities  must  be  so 
low  that  saturation  is  not  reached  with  the  short  circuit  current.  With 
a  4  to  6  per  cent  reactance,  this  limits  the  iron  density  to  B  =.500  to  1000, 
and  as  such  low  densities  can  far  more  economically  be  produced  in  air, 
the  power-limiting  reactances  are  ironlcss  reactances. 
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means  a  partially  loaded  generator  in  every  section,  a  larger 
total  generator  capacity  is  required,  and  a  lower  economy  of  oper- 
ation results,  than  with  parallel  operation  of  the  entire  system. 
Furthermore,  reliability  would  require  to  supply  every  sub- 
station from  several  sections,  and  this  would  necessitate  to  sec- 
tionalize  also  every  substation  on  the  alternating  side,  and  would 
thereby  lower  the  economy  of  the  use  of  feeders  and  substations. 
The  necessity  of  providing  means  of  throwing  substation  ap- 
paratus from  one  section  to  another  section,  in  case  of  accident 
to  one  section,  complicates  the  method  of  control  and  introduces 
the  danger  of  accidentally  connecting  together  in  the  substation 
feeders  coming  from  different  sections  and  out  of  synchronism 
with  each  other,  with  the  result  of  a  short  circuit  between  two 
sections.  As  the  complication  of  control  would  usually  make  it 
impracticable  to  carry  feeders  from  more  than  two  sections  into 
a  substation,  the  reliability  of  service  would  be  lower  than  in 
parallel  operation,  when  important  substations  could  receive 
power  from  three  or  more  power  houses.  The  loss  of  economy 
and  of  reliability,  and  the  complication  of  control  of  the  system 
increase  so  rapidly  with  the  increasing  number  of  separate  sec- 
tions, that  it  appears  to  me,  that  the  only  feasible  method,  which 
permits  unlimited  extension  of  the  system  without  any  .increase 
of  danger  and  complication,  is  the  parallel  operation  of  the  entire 
system,  on  a  single  ring  bus,  which  is  divided  into  sections  by 
power  limiting  busbar  reactances. 

These  reactances  must  be  large  enough  to  limit  the  power 
which  can  flow  over  them,  so  that  in  case  of  a  short  circuit  on 
one  section,  the  adjoining  busbar  sections  are  only  moderately 
affected,  the  further  busbar  sections  not  affected  at  all;  at  the 
same  time,  the  reactances  must  be  sufficiently  low  and  of  suffi- 
cient capacity,  that  any  amount  of  current,  which  diuing  a  change 
of  load  a  busbar  section  may  draw  from  the  adjoining  busbar 
sections,  can  be  safely  transmitted  over  the  reactances  without 
any  voltage  drop,  by  a  slight  phase  displacement  between  the 
adjoining  busbar  sections.  With  a  capacity  of  50  to  60  mega- 
watts per  section,  a  permanent  carrying  capacity  of  each  busbar 
reactance,  of  two  megavolt-amperes,  at  15  deg.  phase  displace- 
ment, and  a  power  limit,  in  case  of  a  short  circuit  on  one  section 
and  full  voltage  on  the  adjoining  section,  of  40  megavolt-amperes 
appears  at  present  the  best  compromise.  The  ring  bus,  into 
which  all  the  generators  G  of  the  system  feed,  would  then  com- 
prise the  busbars  B  of  the  various  power  houses,  H\,  Ht  . . . ,  and 
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the  tie-lines  L  between  the  power  houses,  as  indicated  diagram- 
matically  in  Fig.  1,  in  which  x  denotes  the  power-limiting 
reactances  in  the  generator  leads,  x'  the  power-limiting  busbar 
reactances,  F  the  feeders  which  issue  from  the  busbar  section, 
and  C  denotes  the  non-automatic,  A  C  the  automatic  circuit 
breakers  in  the  system. 

Coming  now  to  the  consideration  of  the  feeders  which  issue 
from  the  generator  busbars.  In  the  low-tension  direct  current 
system,  the  effect  of  a  short  circuit  in  a  feeder — ^if  not  extremely 


!   ,    [c]  ra  [c]         ! 


in 

Fig.  1 

close  to  a  generating  station — was  limited  by  the  resistance  of 
the  feeder.  With  the  modem  high-power  alternating  system, 
the  feeder  resistances  are  very  low,  and  a  short  circuit  in  a  feeder 
is  almost  a  short  circuit  on  the  busbar.  While  generator 
reactances  and  busbar  reactances  greatly  limit  such  a  short 
circuit,  there  still  remains  the  disadvantage,  that  nothing  limits 
the  power  which  is  available  locally  on  a  feeder,  below  that 
available  on  the  busbar  to  which  the  feeder  connects,  and  in  this 
respect  the  modem  system  is  inferior  to  the  old  low-tension 
direct-current  system.     The  safest  method  would  be  to  limit 
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the  available  short  circuit  power  of  every  feeder  by  reactances 
at  either  end  of  the  feeder,  in  the  generating  station  and  in  the 
substation  5,  as  indicated  by  jc"  in  Fig.  1.  This  method,  which 
would  make  the  modem  high-power  system  as  safe  as  the  former 
low-tension  direct-current  system,  has  not  yet  been  considered, 
since  unfortunately  the  development  of  the  alternating  part  of 
the  present  system  has  started  from  the  experience  of  the  small 
alternating  systems  of  old  and  not  from  that  of  the  low-tension 
direct  current  system,  and  in  the  former,  the  limited  power  of 
the  generating  system,  combined  with  the  relatively  high  reac- 
tance of  the  overhead  feeders,  made  power  limiting  reactances 
in  the  feeders  unnecessary.  Instead  of  limiting  the  power, 
automatic  circuit  breakers  are  provided  in  the  feeders,  as  indi- 
cated by  ^  C  in  Fig.  1,  which  instantaneously  cut  off  the  feeder 
in  case  of  short  circuit.  This  method  has  been  very  successful, 
and  with  the  limitation  of  power  by  the  reactances  in  busbars 

and  generators,  appears  sufficiently 
safe,  but  still  has  the  disadvantage 
of  momentarily  exposing  the  busbar 
section  and  the  feeder  switches  to 
the  shock  of  short  circuit  in  case 
of  a  failure  of  the  feeder,  and  it 
may  thus  well  be  considered, 
whether  a  safer  way  of  operation 
would  not  result  from  limiting  the 
power  of  the  feeders  by  reactances  and  then  hold  on  to  the  feeder 
in  case  of  a  fault,  until  the  fault  either  clears  itself,  or  the  feeder 
has  to  be  cut  off,  that  is,  in  other  words,  to  return,  even  in  this 
last  structural  element  of  the  modern  station,  to  the  well  tried 
principle  of  the  low-tension  direct-current  system. 

In  the  parallel  operation  of  the  individual  generators,  and  the 
entire  generating  station  of  the  modem  high  voltage .  alter- 
nating-current system,  a  problem  is  involved,  which  did  not 
exist  in  the  direct-current  system,  viz,,  synchronizing.  The 
general  problem  of  synchronous  operation  is  well  understood 
and  is  as  follows: 

If  two  machines,  A  and  B  in  Fig.  2,  (whether  generators, 
synchronous  motors,  converters  or  frequency  changers)  shall 
run  in  synchronism,  the  constants  of  the  circuit  between  the  two 
machines,  a^  a\  hi  6i,  must  be  such  that  any  phase  displacement 
(that  is,  position  displacement)  of  the  two  machines  causes  a 
current  to  flow  between  the  machines,  which  accelerates   the 
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lagging,  retards  the  leading  machine,  irrespective  whether  in 
addition  to  the  exchange  or  cross  current  between  the  machines, 
the  machines  also  send  out  current,  or  receive  current  from  the 
outside,  at  Wi  mj.  If  the  two  machines  are  exactly  in  step,  in 
the  local  circuit  a2  ai  bi  62,  the  voltages  of  the  two  machines,  are 
in  opposition,  as  shown  by  a  and  b  in  Fig.  3.  Thus  there  is  no 
resultant  voltage,  and  no  current  flowing  between  the  machines. 
If  now  the  two  machines  are  slightly  out  of  step,  and  B  lags 
slightly,  that  is,  its  voltage  reaches  the  maximum  at  a  slightly 
later  time,  b  in  Fig.  4,  and  A  leads  slightly,  that  is,  its  voltage 
reaches  the  maximum  at  a  slightly  earlier  time,  a  in  Fig.  4,  the 
two  voltages  a  and  b  in  Fig.  4  give  a  resultant,  which  reaches  its 
maximum  midway  between  a  and  6,  as  shown  as  c  in  Fig.  4. 
This  resultant  or  cross  voltage  of  the  two  machines  produces  a 
cross  current  circulating  between  them.     If  now  the  circuit 


a-^- 


■^& 


Fig.  3 


Fig.  4 


between  the  two  machines,  at  ai  bi  62,  should  contain  only  re- 
sistance, but  no  reactance,  the  cross  current  i  would  be  in  phase 
with  the  cross  voltage  c,  as  shown  in  Fig.  5.  It  would  then  be 
practically  in  quadrature  with  the  two  machine  voltages  a  and 
A,  that  is,  would  be  a  wattless  current  in  the  two  machines, 
neither  consume  nor  produce  power,  that  is,  there  would  be  no 
synchronizing  power. 

Assimie  now  that  the  resistance  of  the  cross  circuit  is  negligible 
compared  with  the  reactance,  then  the  cross  current  i  would  lag 
nearly  90  deg.  behind  the  cross  voltage  c,  which  produces  it,  as 
shown  in  Fig.  6.  Thus  it  would  be  approximately  in  phase  with 
a,  approximately  in  opposition  with  ft,  and  would  thus  consume 
power  in  the  leading  machine  A,  that  is,  retard  it,  and  supply 
power  to  the  lagging  machine  B,  that  is,  accelerate  it,  and  thus 
pull  the  two  machines  together,  as  synchronizing  current. 
Hence,  the  reactive  or  quadrature  component  (with  regard  to  the 
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cross  voltage  c)  of  the  cross  ctirrent  is  the  synchronizing  current, 
and  the  power  component  of  the  cross  current  exerts  no  syn- 
chronizing power.  Thus,  reactance  is  necessary  for  syn- 
chronous operation,  and  the  larger  the  reactance  is,  compared 
with  the  resistance  of  the  cross  circuit,  the  larger  a  part  of  the 
cross  current  is  sjoichronizing  current.  Increasing  reactance 
therefore  increases  the  sjoichronizing  power.  There  obviously 
is  a  limit  hereto:  with  increasing  reactance,  the  cross  current 
decreases,  and  while  the  percentage  of  the  cross  current,  which  is 
synchronizing  current,  increases,  the  absolute  value  of  the  syn- 
chronizing current,  and  with  it  the  synchronizing  power,  again 
decrease. 

For  stable  parallel  operation  of  synchronous  machines,  a 
reactance  of  the  cross  circuit  thus  is  required,  which  should  be  at 
east  twice  the  resistance  of  this  circuit. 


Fig.  5 


Fig.  G 


Of  the  synchronous  reactance  of  an  alternator,  essentially 
only  the  true  or  self-inductive  component  comes  in  considera- 
tion in  synchronous  operation,  as  the  armature  reaction  com- 
ponent is  usually  too  slow  to  exert  itself.  In  steam-turbine 
alternators,  the  self-inductive  armature  reactance  is  very  low, 
frequently  only  2  to  3  per  cent;  however  the  armatiu-e  re- 
sistance is  a  fraction  of  one  per  cent,  and  when  connected  to  the 
same  busbars,  synchronous  operation  of  such  generators  is  satis- 
factory. A  few  per  cent  of  resistance  between  the  turbo  alter- 
nators, as  may  exist  when  operating  two  power  houses  together 
over  a  tie-line,  makes  synchronous  operation  unstable  or  im- 
possible without  the  insertion  of  a  corresponding  amount  of 
reactance.  This  is  to  be  kept  in  mind  in  the  parallel  operation 
of  power  houses,  the  more  as  the  tie-lines  are  usually  under- 
ground cables,  and  as  such  have  practically  no  reactance. 
With  power-limiting  reactances  in  the   generator  leads,  obvi- 
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ously  a  much  higher  resistance  in  the  tie-lines  between  power 
houses  would  be  permissible  before  parallel  operation  becomes 
impaired  and  additional  reactance  is  required. 

Parallel  operation  of  synchronous  machines  thus  requires 
reactance  in  the  circuit  between  the  machines.  It  is  further 
required,  however,  that  the  combined  effect  of  resistance  and 
reactance,  that  is,  the  impedance  of  the  cross  circuit,  is  suffi- 
ciently low  to  allow  a  large  enough  current  to  flow  to  keep  the 
machines  together  against  any  tendency  which  separates  them, 
as  inequality  of  the  driving  power,  slighly  different  speed  ad- 
justment of  the  engine  governors,  etc.  That  is,  the  possible 
cross  current  between  the  machines  must  be  comparable  in 
magnitude  with  their  full  load  current.  This  however  is  fre- 
quently not  possible  in  the  parallel  operation  of  power  houses 
distant  from  each  other,  over  tie-lines.  The  capacity  of 
the  tie-lines  between  big  power  stations  would  economically  be 
proportioned  to  the  required  exchange  of  power,  and  thus  usually 
would  not  be  sufficient  to  pull  the  two  stations  together  into 
synchronism.  Here,  then,  a  new  problem  arises  which  was  not 
met  previously  in  synchronous  operation  of  alternators:  the 
engine  or  turbine  speeds  of  the  two  stations  must  be  controlled, 
independently  of  the  alternators,  so  as  to  be  so  closely  the  same 
imder  all  conditions,  as  to  require  a  very  small  synchronizing 
power  between  the  alternators,  to  pull  into  step  and  remain  in 
step.  That  is,  as  we  may  express  it,  the  prime  movers  must  be 
synchronized.  While  this  had  not  been  done  before,  it  is  a 
mechanical  problem,  which  electrically  can  be  solved  without 
serious  difficulty,  for  instance,  by  controlling  the  governor  in 
the  steam  supply  by  the  power  exchange  between  the  stations, 
in  combination  with  sufficiently  powerful  dash-pots,  to  guard 
against  governor  hunting. 

An  important  application  of  this  problem  of  electro-mechanical 
synchronizing  will  occur  in  the  parallel  operation  of  outlying 
stations,  with  the  main  station. 

For  instance,  if  at  the  end  of  a  long  feeder  the  power  demand 
increases  so  greatly  as  to  warrant  the  installation  of  a  moderate 
sized  station — one  or  two  2-  to  5-megawatt  turbo  alternators — 
economy  and  reliability  of  operation  would  require  this  out- 
lying station  to  be  paralleled  with  the  main  generating  station, 
so  as  to  use  the  main  station  as  reserve;  and  the  economical 
method  of  operation  would  be  to  run  the  outlying  stations  as 
nearly  at  constant  full  load  as  possible,  and  take  care  of  the 
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load  fluctuations  by  the  main  station,  over  the  tie-lines,  to  get 
the  benefit  of  the  diversity  factor  of  the  entire  system.  This 
usually  means  not  only  a  fluctuating  flow  of  power  in  the  feeder 
from  the  main  station  to  the  outlying  stations,  but  often  also  a 
reverse  flow.  Voltage  regulation  at  the  outlying  stations  then 
can  be  accomplished  only  by  phase  control  of  the  feeder,  through 
reactances,  as  indicated  at  jco  in  Fig.  1 ,  and  with  the  increase  of 
the  outlying  load  the  feeder  capacity  very  soon  would  be  insuffi- 
cient to  pull  the  outlying  stations  into  step,  and  mechanical 
synchronizing,  as  discussed  above,  becomes  necessary.  We 
must  realize,  that  in  the  direct  line  of  the  modem  central  station 
development  is  an  extension  of  the  power  supply  to  that  of  an 
entire  state  or  a  number  of  states,  from  a  few  huge  main  stations 
near  the  centers  of  power  demand,  and  numerous  smaller  out- 
lying stations,  with  the  entire  system  operating  in  synchronism 
through  feeders  and  tie-lines,  in  which  the  power  flow  fluctuates 
in  amount  and  in  direction,  and  of  which  very  few  are  sufficient 
to  pull  stations  together  into  synchronism,  but  just  sufficient  to 
keep  them  in  synchronism,  if  the  speed  regulation  of  their  prime 
movers  is  independently  maintained  very  closely  the  sanle. 

These  then  are  the  two  problems  before  the  modern  central 
station:  The  localization  of  any  disturbance  by  power  limiting 
reactances,  and  the  synchronous  operation  over  lines  of  limited 
power,  by  speed  control  of  the  prime  movers. 
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Discussion  on  "  The  Use  or  Power  Limiting  Reactances 
WITH  Large  Turbo-Alternators,"  "  Some  Recent  Tests 
OF  Oil  Circuit  Breakers  "  and  "  Development  of  the 
Modern  Central  Station."     Chicago,  June  27,  1911. 

John  W.  Lieby  Jr.:  Once  again  we  are  indebted  to  Dr. 
Steinmetz  for  a  splendid  and  acute  analysis  of  what  is  essen- 
tially a  practical  problem.  With  that  keenness  of  discernment 
which  we  have  been  accustomed  to  expect  from  Dr.  Steinmetz, 
he  has  touched  upon  a  number  of  vital  points  which  are  of  mo- 
mentous interest  to  the  present  and  the  future  of  central  station 
work.  In  the  papers  of  Messrs.  Schuchardt  and  Schweitzer, 
and  in  the  paper  of  Mr.  Merriam,  we  have  notable  instances  of 
the  method  of  applying  scientific  research  to  the  investigation 
and  solution  of  electrical  problems,  and  the  Institute  is  to  be 
felicitated  in  having  before  it  the  details  of  these  tests  as  afford- 
ing material  for  thought. 

In  Mr.  Schuchardt's  paper  he  refers  to  the  points  to  be  de- 
termined by  the  tests  Which  were  made,  indicating  as  the  first, 
the  instantaneous  short  circuit  current  of  turbo-generators  with- 
out external  reactance.  These  questions  referred  to  by  Dr. 
Steinmetz  and  the  other  authors  are  matters  which  have  been 
given  careful  consideration  by  the  New  York  Edison  Company, 
for  instance,  as  another  of  the  companies  having  these  large 
problems  to  deal  with,  and  this  first  element  was  one  of  the  first 
questions  which  presented  itself  for  investigation;  and  it  was 
found  that  there  was  a  considerable  and  wide  variation  as  be- 
tween types  of  generators,  particularly  turbo-generators,  in 
this  matter  of  internal  reactance.  There  were  tests  made  be- 
tween types  of  generators  as  to  the  amount  of  internal  reactance, 
amounting  to  as  great  a  difference  as  two  to  one.  It  has  there- 
fore, opened  a  new  light  as  to  the  possibility  of  control  within 
the  generator  itself  of  the  application  of  an  increased  amount,  by 
and  within  the  practical  limitations  which  the  applications 
permits,  of  internal  reactance,  and  by  an  increase  of  internal 
reactance  you  make  it  possible  to  limit  the  amount  which  need 
be  applied  externally. 

It  is  difficult  to  conceive  of  the  tremendous  disturbance  that 
takes  place  on  a  large  interlaced  system  by  short  circuits  in 
feeders  or  failure  of  generators.  With  ten,  twenty,  or  thirty 
substations  distributed  over  vast  areas,  having  hundreds  of 
synchronous  machines  working  in  parallel,  the  disturbance  and 
throwing  out  of  synchronism  of  this  vast  number  of  units,  and 
the  enormous  difficulties  involved  in  starting  up  these  different 
substations  widely  separated,  present  unique  problems,  and  it  is 
therefore  well  worth  most  careful  consideration  to  reduce  the 
possibilities  and  the  effects  which  these  enormous  concentrations 
of  power  in  local  disturbances  may  call  forth. 

The  concentration  of  power  for  economical  reasons  in  thesis 
huge  j)owcr  plants,  the  dependence  for  vast  industrial  enter- 
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prises  and  for  our  transportation  systems,  as  well  as  for  lighting 
and  industrial  power,  make  it  absolutely  essential  that  they  shall 
be  protected  against  disturbance,  and  that  every  possible  precau- 
tion should  be  taken,  which  experience  or  ingenuity  can  provide, 
against  irregularity  in  operation,  because  if  these  huge  systems 
are  going  to  be  subjected  to  disturbance  and  interruption  of  ser- 
vice, we  shall  have  reached  a  point  where  something  radical  will 
have  to  be  done;  but  very  fortunately  with  these  elements  which 
are  brought  before  us,  and  other  elements  which  are  not  here 
referred  to,  we  can  feel  sure  that  the  future  provides  fairly  safe 
guarantees  against  interruption  of  service  which  produce  very 
serious  results  in  a  community  served  by  these  vast  enterprises. 
I  am  siu-e  that  we  are  very  much  indebted  to  the  gentlemen  of  the 
Commonwealth  Edison  Company  for  having  laid  before  us  in 
great  detail  the  results  of  their  tests  and  experiments,  with  a 
view  to  arriving  at  a  satisfactory  solution  of  these  problems,  and 
to  Dr.  Steihmetz  for  having  put  his  finger  on  the  essentially 
important  elements  which  are  such  prime  factors  in  the  de- 
velopment of  the  modem  central  station  industry. 

M.  H.  CoUbohm:  Mr.  Merriam  has  presented  us  with  very 
valuable  data  on  the  operation  of  oil  switches  designed  for 
severe  service  conditions  which  data  have  been  obtained  from 
actual  tests. 

I  note,  however,  that  all  these  tests  have  been  made  on  an  oil 
switch  type  employing  the  vertical  break.  It  would  have  been 
very  instructive  if  the  test  had  also  been  made  on  a  switch  of  the 
horizontal  break  type  in  order  to  allow  comparison  tetween 
these  diflEerent  constructions. 

It  seems  to  me  that  the  horizontal  break  oil  switch  would  offer 
greater  prospects  for  successful  operation  under  severe  conditions 
for  the  following  reasons: 

1.  The  break  occurs  in  the  lower  part  of  the  tank  with  a  con- 
siderable head  of  oil  above  the  break,  in  contradistinction  from 
the  vertical  break  where  the  arc  starts  nearer  to  the  surface  of 
the  oil.  This  seems  to  be  of  great  importance  considering  that 
the  arc  is  most  vicious  at  the  moment  of  separation  of  the  con- 
tacts when  the  ctirrent  has  its  greatest'value. 

2.  The  horizontal  movement  of  the  thin  switch  blade  through 
the  oil  combined  with  the  tendency  of  the  arc  to  rise  vertically 
causes  this  arc  to  continually  come  into  contact  with  fresh  and 
cool  oil  layers  thus  extinguishing  the  arc  sooner  than  would 
be  possible  in  the  vertical  break  switch  where  the  arc  tends  to 
maintain  its  original  vertical  position.  The  break  in  the  vertical 
type  must  therefore  be  considerably  longer  thus  rendering  this 
type  of  oil  switch  materially  more  expensive  for  the  same 
rupturing  capacity. 

3.  The  knife  blade  form  of  contact  pieces  insure  a  more  positive 
contact  in  the  clips  than  can  be  obtained  by  the  wedge  or  butt 
contacts  usually  employed  in  the  vertical  break  switch  for  higher 
voltages. 
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The  speaker  has  had  experience  with  both  types  of  switches 
on  high  tension  lines  and  feels  it  his  duty  to  express  his  satisfaction 
with  the  cheaper  horizontal  break  oil  switch  which  has  opened 
without  trouble  several  short  circuits  without  the  dampening 
influence  of  reactive  coils. 

The  main  advantage  claimed  for  the  vertical  break  type,  viz,, 
the  opening  by  gravity  does  not  seem  to  the  speaker  to  be  superior 
to  the  opening  by  springs.  The  latter  can  be  adjusted  for  a  more 
rapid  operation  thus  increasing  the  effectiveness  of  the  switch. 
The  gravity  break  type  in  the  speakers  experience  in  one  instance 
failed  to  establish  good  contact  in  closing  resulting  in  the  partial 
bum  off  of  the  contact  clips  and  carbonizing  the  oil. 

In  regard  to  the  rupturing  capacity  of  the  oil  switch  in  general 
I  would  like  to  be  informed  what  the  considerations  are  for  giving 
the  same  switch  type  a  higher  rating  on  lower  voltage  than  on 
higher  voltage,  as  given  by  some  manufacturers,  catalogues. 
Ordinarily  one  would  expect  greater  damage  to  the  switch  at 
lower  voltage  due  to  the  greater  P  R  energy  in  the  rupturing 
arc.  The  speaker  in  laying  out  the  switchboard  for  a  16,000- 
kw.  hydroelectric  station  interconnected  with  others  of  still 
higher  rating,  suggested  the  use  of  a  high  generator  voltage  in 
order  to  lessen  the  possibility  of  trouble  to  oil  switches  under 
short  circuit  conditions  but  was  informed  by  the  switch  manu- 
factiu-er  that  the  standard  voltage  of  2,300  volts  would  be  pre- 
ferable. 

As  the  speaker  at  that  time  could  not  get  a  satisfactory  ex- 
planation for  this  advocating  a  lower  voltage  he  would  appreciate 
very  much  to  learn  at  this  time  the  reason  for  this  method  of 
rating  oil  switches. 

Dr.  Steinmetz  in  his  paper  has  given  a  very  interesting  ex- 
position of  the  development  of  the  present  alternating  current 
central  station  from  the  old  direct  current  plant  with  particular 
reference  to  the  external  reactance  coil  as  one  of  the  characteristic 
protective  features  of  the  modem  large  sized  plant.  The  de- 
velopment of  this  protective  device  was  brought  about  by  the 
desire  to  overcome  the  danger  from  the  enormous  short  circuit 
current  in  the  system,  particularly  in  a  plant  with  synchronous 
turbo-generators . 

The  question  arises  in  my  mind  whether  this  heavy  short 
circuit  current  could  not  be  materially  reduced  by  other  means, 
possibly  in  addition  to  the  proposed  choke  coil.  The  present 
practice  of  sacrificing  regulation  in  the  synchronous  machines 
in  order  to  reduce  the  short  circuit  current,  is  only  a  small  help, 
and  it  seems  that  the  liberal  use  of  induction  generators  with 
their  characteristic  low  short  circuit  current  would  aid  very 
materially  in  bringing  about  the  desired  result,  both  as  regards 
reduction  in  short  circuit  current  as  also  absence  of  necessity 
for  running  synchronized. 

This  type  of  machinery  has  already  been  successfully  installed 
in  combination  with  low  pressure  steam  turbines,  and  it  seems 
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that  the  equipment  of  a  whole  station  with  induction  generators 
specially  designed  for  a  small  magnetizing  current  in  connection 
with  synchronous  motors  floating  idle  on  the  system  for  fur- 
nishing this  magnetizing  current  would  make  a  feasible  ar- 
rangement. The  synchronous  motor  in  such  installations  would 
have  the  appearance  of  an  unproductive  piece  of  apparatus, 
but  for  the  advantage  it  offers  by  rendering  the  respective  plant 
independent  from  any  other  synchronous  station,  its  use  appears 
justified.  It  might  thus  be  considered  to  be  in  a  same  class  with 
the  frequency  changer. 

In  such  a  system  the  throwing  together  of  stations  slightly 
out  of  phase  may  not  cause  nearly  as  heavy  a  shock  as  if  both 
stations  were  equipped  with  synchronous  machines  only.  The 
last  problem  stated  by  the  author  at  the  end  of  his  paper,  viz,, 
synchronous  operation  of  different  stations  would  then  also  find 
its    solution. 

Aside  from  city  steam  stations  this  induction  generator  type 
would  also  be  of  considerable  advantage  in  a  system  of  inter- 
connected hydroelectric  plants  where  it  could  be  installed  at 
stations  of  secondary  importance,  furnishing  power  only  and 
leaving  the  regulation  of  the  system  to  a  synchronous  generating 
station.  The  installation  of  a  synchronous  motor  in  connection 
with  the  induction  generators  would  again  render  this  secondary 
plant  independent  from  the  main  station  as  regards  regulation. 
Such  a  plant  could  always  be  run  at  highest  efficiency,  possibly 
without  the  use  of  hydraulic  governors  and  could  utilize  the 
total  stream  flow  at  nearly  all  times  without  the  expensive  pro- 
vision of  a  storage  reservoir. 

Aside  from  the  development  of  the  reactive  coil  as  a  protective 
feature  of  a  high  capacity  low  tension  steam  station  there  have 
been  made  developments  on  other  protective  devices  serving  a 
different  purpose  in  stations  of  high  voltage  character,  and  which 
may  perhaps  properly  be  mentioned  in  discussing  station  de- 
velopment : 

The  aluminum  arrester,  although  it  has  failed  several  times 
in  the  speakers  experience  to  perform  its  function  without  being 
destroyed  itself  by  mere  internal  disturbances  in  the  system, 
represents  nevertheless  a  considerable  improvement  over  the 
older  types. 

In  addition  to  the  use  of  this  arrester  the  speaker  has  advo- 
cated and  put  into  successful  operation  a  scheme  of  additional 
protection  to  station  apparatus  consisting  in  the  use  of  solid 
non-coated  iron  wire  of  high  permeability  for  station  wiring, 
extending  from  the  high  tension  transformer  taps  to  the  point 
where  the  arrester  connections  tap  on  the  transmission  line,  which 
should  preferably  extend  to  the  first  tower  outside  the  power 
house.  The  advantage  of  this  scheme  lies  in  the  greatly  in- 
creased ohmic  resistance  which  the  iron  wire,  due  to  the  skin 
effect,  offers  to  any  high  frequency  surge  such  as  lightning.  The 
choke  coil  in  particular,  representing  quite  a  length  in  the  con- 
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ductor,  shoiild  be  of  soft  Swedish  iron.  This  scheme  of  using 
iron  wire  choke  coils  appears  also  to  get  into  favor  in  Europe 
judging  from  a  bulletin  of  a  responsible  European  manufacturer 
of  such  coils  recently  received  by  the  speaker. 

The  usual  danger  from  high  voltage  building  up  on  the 
reactance  of  the  series  transformer  by  any  high  frequency  dis- 
turbance has  been  overcome  by  an  arrangement  of  the  speaker 
of  shunting  a  small  electrolytic  cell  across  the  high  tension  term- 
inals of  the  series  transformer. 

Inasmuch  as  the  skin  effect  of  the  iron  wire  was  sought  as  an 
additional  choking  effect  for  protecting  station  apparatus,  it 
had  on  the  other  hand  to  be  removed  from  the  path  of  the  light- 
ning discharge,  particularly  the  overhead  ground  wire  on  the 
transmission  lines  was  investigated  by  the  speaker  in  1909  with 
the  result  of  recommending  copper  clad  steel  for  ground  wire 
purposes  instead  of  steel  which  had  been  used  exclusively  before. 
Subsequent  high  frequency  tests  made  at  the  University  of 
Wisconsin  on  iron  and  copper  wires  have  proven  the  speaker's 
arguments  in  favor  of  copper. 

All  the  before  mentioned  schemes  for  additional  protection 
to  station  apparatus  have  been  tried  out  on  one  of  the  hydro- 
electric transmission  plants  built  by  the  speaker  and  have  worked 
out  to  entire  satisfaction.  This  particular  plant  (of  the  Northern 
Hydroelectric  Power  Co.  at  High  Falls,  Wis.)  has  experienced  many 
severe  lightning  storms  which  caused  the  arresters  to  act  very 
frequently  but  there  has  never  been  the  slightest  damage  to  any 
of  the  apparatus. 

A  further  development  in  lightning  arresters  has  recently 
been  made  in  Europe  where  a  number  of  prominent  central 
stations  have  been  equipped  with  arresters  consisting  of  one  or 
more  banks  of  condenser  elements  shunted  by  a  grounding  choke 
coil.  The  condenser  battery  acting  on  high  frequency  disturb- 
ances of  any  voltage,  even  of  a  very  low  value  to  which  the 
electrolytic  arrester  would  not  respond,  while  the  choke  coil 
takes  care  of  accumulated  static.  This  arrester  is  reported 
to  have  given  excellent  results. 

There  are  some  minor  details  -which  have  recently  undergone 
development  and  which  when  taken  as  a  whole  may  exert  a 
marked  beneficial  influence  upon  the  safety  of  central  station 
operation. 

The  instrument  and  control  panels  in  a  large  station  become 
so  numerous  as  to  be  difficult  to  oversee,  and  a  reduction  in  their 
number  and  a  clear  distinction  between  the  various  instruments 
and  panels  becomes  very  desirable.  The  voltmeter  and  am- 
meter for  the  generators  may  be  omitted  from  the  respective 
panels  and  one  instrument  of  each  kind  placed  on  a  swinging 
bracket  to  serve  for  all  the  various  machines  by  providing 
a  receptacle  and  plug  for  each  of  the  respective  panels.  A 
wattmeter  and  power  factor  indicator  is  generally  sufficient  for 
the  control  of  the  generators.     If  curve  drawing  instruments  are 
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used  they  may  serve  at  same  time  as  indicating  instruments 
thereby  rendering  this  latter  instrument  superfluous.  A  dupli- 
cate transmission  line  may  be  equipped  with  one  wattmeter  only 
by  paralleling  the  secondaries  of  the  respective  current  trans- 
formers. 

The  panels  and  the  instnmients  should  preferably  be  black  and 
the  instruments  have  their  designation  printed  in  bold  types 
upon  their  scales,  such  as  "  Volts-^Amperes — Watts,  etc.,'' 
the  graduation  of  the  scales  should  be  in  decimals  to  facilitate 
reading.  Only  instruments  with  flat  glass  covers  should  be 
used  to  avoid  the  disturbing  effect  on  the  curved  glass  covers 
of  the  usual  horizontal  edgewise  instruments.  The  illumination 
for  the  board  should  be  accomplished  by  diffused  light  from  well 
above  the  board  in  order  to  have  no  reflex  whatever  from  the 
instruments. 

The  individual  panels  should  be  marked  by  genuine  enameled 
name  plates  which  do  not  oxidize  or  fade  as  in  the  case  of  the 
usual  copper  or  paper  name  plate.  Each  circuit  or  group  of 
circuits  shotdd  be  provided  with  a  blue  signal  lamp  above  the 
board  to  operate  in  conjunction  with  the  alarm  bell  in  order  to 
indicate  immediately  the  circuit  in  trouble. 

The  above  precautions  may  appear  insignificant  to  the  de- 
signer but  they  are  of  real  value  to  the  operator  and  conse- 
quently to  station  safety. 

Besides  in  the  Central  station  proper  there  have  also  been 
made  developments  in  other  parts  of  the  system  notably  the 
transmission  line.  I  wish  to  mention  only  the  flexible  type  of 
transmission  tower  and  quite  recently  the  appearance  of  the 
composite  transmission  cable  consisting  of  aluminum  or  copper 
strands  and  a  steel  center  of  very  high  elastic  limit.  By  this 
arrangement  the  elastic  limit  of  the  composite  cable  is  consider- 
ably increased,-  allowing  of  a  wider  spacing  of  towers  with  conse- 
quent reduction  of  cost  in  line  construction. 

D.  B.  Rushmore:  In  the  President's  Address  this  morning 
and  in  the  papers  .which  have  been  presented,  we  have  the  prob- 
lem of  disturbance  from  increasing  magnitude — a  problem 
most  universal  in  the  present  age  in  social,  political,  industrial 
and  engineering  life.  In  designing  for  any  partictilar  condition, 
a  design  is  made  to  meet  the  major  point  under  consideration. 
We  design  machines,  power  plants  and  power  transmission 
systems  for  operation,  but  a  compromise  must  always  be  effected 
in  considering  the  factors  involved  when  we  take  into  considera- 
tion the  emergency  conditions. 

In  the  discussion  that  we  have  liad  on  these  conditions  of 
central  station  operation  are  involved  one  example  of  a  change 
taking  place  in  power  transmission  systems,  and  in  what  are 
becoming  very  large  stations  for  industrial  power  use.  The 
magnitude  of  individual  pieces  of  apparatus  is  increasing,  the 
magnitude  of  stations,  and  of  systems,  and  very  largely  ot  a 
number  of  stations  tied  together.     While  in  so  many  of  our  old 
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problems  the  boy,  as  it  were,  has  been  relatively  harmless,  the 
yoimg  man  as  he  appears  now,  older,  larger,  stronger,  and  more 
powerful  is  becoming  a  more  disturbing  factor,  and  we  have  yet 
to  look  ahead  to  the  full  grown  man,  to  the  power  systems 
that  are  going  to  cover  very  much  larger  areas  than  at  present, 
and  be  of  very  much  larger  capacity. 

In  designing  apparatus  for  these  conditions  a  compromise  is 
necessarily  effected,  and  'the  illustration  we  have  had  of  placing 
reactance  outside  of  the  machines,  allows  in  many  cases  a 
better  machine  to  be  designed.  While  the  machine  has  to  be 
designed  for  operation,  occasionally  the  best  of  machines  have 
to  be  repaired,  and  to  place  a  large  internal  reactance  in  machines 
involving  high,  true  self  induction  means,  as  a  rule,  increased 
difficulties  in  repairing  machines. 

To  bring  before  the  Institute  one  problem  as  yet  unsolved,  we 
have  had  for  years  in  hand  the  development  of  an  automatic 
resistance  which  will  protect  the  circuit  against  high  voltage. 
This  has  been  done  in  the  aluminum  lightning  arrester,  which  in 
itself  essentially  is  an  automatic  resistance  varying  with  the 
voltage.  What  we  need  now  is  an  automatic  reactance  varying 
with  the  current,  something  not  yet  obtained,  and  something 
which  is  well  worthy  of  the  best  study  of  inventors.  I  think 
that  such  a  thing  is  possible,  as  well  as  likely.  It  has  not  yet 
been  developed  with  sufficient  rapidity  to  handle  the  problem 
of  these  large  instantaneous  short  circuits.  We  must  also  con- 
sider that  any  change  in  condition  is  to  be  met  with  other  cha,nges 
and  in  connection  with  systems  possessing  large  capacity  or  in- 
duction, all  additional  reactance  brings  with  it  certain  possi- 
bilities which  ought  to  demand  a  very  much  larger  use  of  pro- 
tective apparatus. 

C.  W.  Stone:  Last  year  at  a  meeting  the  point  was  raised 
in  regard  to  the  ultimate  capacity  of  oil  switches.  In  the  paper 
by  Mr.  Cheney  of  Philadelphia,  there  was  some  question  raised 
about  the  ultimate  capacity  of  oil  switches,  and  the  suggestion 
was  made  that  it  was  possible  that  we  would  need  a  new  type  of 
switch  in  order  to  handle  these  large  capacities.  I  think  the 
paper  by  Messrs.  Schuchardt  and  Schweitzer  demonstrates 
that  by  the  use  of  reactances  and  the  use  of  the  larger  10  in. 
oil  pot  switches  we  do  not  need  a  complete  redesign  of  the 
switches.  The  switches  are  large  enough  even  to  handle  such 
systems  as  the  Commonwealth  Edison  Company,  and  instead  of 
being  limited  by  the  switch,  it  is  perfectly  possible  to  still  in- 
crease the  ultimate  capacities  of  our  stations. 

Before  I  stop,  there  is  one  thing  I  think  I  should  bring  out, 
and  that  is  I  think  we  owe  a  very  great  debt  of  gratitude  to  the 
officials  and  engineering  organization  of  the  Commonwealth 
Edison  Company  for  the  very  thorough  way  in  which  they  have 
carried  out  these  tests.  There  are  very  few  places  in  the  country 
where  such  a  complete  and  fundamental  investigation  of  the 
shocks  to  systems  under  short  circuit  could  be  made  as  thor- 
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oughly  as  they  were  made  by  the  engineers  of  the  Commonwealth 
Edison  Company  in  Chicago,  and  I  think  that  the  whole  engi- 
neering profession  shoiild  feel  a  debt  of  gratitude  for  this  paper 
by  Messrs.  Schuchardt  and  Schweitzer,  reporting  on  these  tests. 

Mr.  Merriam  in  his  paper  points  out  that  with  the  10-in.  oil 
pot  the  strains  or  pressures  are  reduced  to  about  one-third  or 
one-fifth  of  what  they  were  with  the  8-in.  pot.  I  think  that  is  a 
fundamental  point.  One  of  the  previous  speakers  mentioned 
the  possibility  of  using  a  horizontal  break.  I  think  he  lost  sight 
of  one  of  the  fundamental  principles  which  has  been  employed 
so  generally  in  the  type  of  switches  described  in  the  paper  and 
that  is  by  using  the  vertical  break,  it  is  possible  to  so  adjust  the 
baffles  in  the  switch  as  to  confine  the  pressures  arround  the 
arc,  and  thus  extinguish  it  more  readily.  This  is  difficult  to  do 
in  a  horizontal  break  type  of  switch.  I  think  if  the  engineers 
here  give  this  matter  attention,  they  will  be  convinced  that  the 
vertical  break,  with  the  type  of  baffling  usually  employed,  has 
greater  possibilities  for  large  capacities  than  any  other  type  yet 
proposed. 

There  is  another  point.  Mr.  Merriam  in  his  paper  refers  to 
the  small  amount  of  oil  which  is  thrown  out  after  repeated  short 
circuit.  I  think  many  engineers  in  witnessing  some  of  these 
tests  would  have  said  that  the  amount  of  oil  thrown  out  was 
excessive.  Complete  tests  were  made  to  find  out  how  much 
oil  could  be  thrown  out,  and  the  switches  were  opened  under 
short  circuits  time  after  time,  without  changing  the  oil,  and 
then  the  amount  that  had  been  thrown  out  was  measured  and 
it  was  foimd  that  only  about  five  per  cent  had  been  thrown  out. 
To  be  sure,  it  is  not  a  dangerous  amoimt,  and  yet  it  does  demon- 
strate that  it  is  adv'sable  to  install  these  switches  in  fire-proof 
compartments,  such  as  brick,  concrete  or  soapstone. 

Mr.  Lieb  brought  out  the  point  about  the  possibility  of  the 
increase  in  the  internal  reactances  in  the  generators.  It  is 
perfectly  possible  to  design  generators  with  higher  internal 
reactance,  but  you  will  always  sacrifice  something. 

I  do  not  think  that  a  generator  with  twice  the  internal  reac- 
tance of  the  present  machines,  such  as  those  under  test,  would 
have  as  big  a  factor  of  safety  as  the  generators  which  are  now  in 
operation.  I  think  also  the  point  should  be  brought  out  thai 
the  high  internal  reactance  generators  will  not  accomplish  what 
the  generator  with  the  external  reactance  will  accomplish,  a*d 
that  is  this — with  the  external  reactance,  in  case  of  damage  to 
the  generator,  due  to  the  breakdown  of  some  coil,  the  amount  of 
short  circuit  current  which  can  flow  into  the  generator  is  limited 
by  the  reactance  which  is  in  series  with  it.  If  the  generators  were 
built  for  high  internal  reactance,  and  external  reactance  not  used, 
the  effect  of  the  internal  reactances  on  the  generator  which  was 
damaged  would  be  entirely  eliminated,  and  the  amount  of  short 
circuit  current  which  could  flow  into  that  generator  at  that  time 
would  only  be  limited  by  the  internal  reactance  of  the  other 
machines  operating  in  parallel. 
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I  think,  therefore,  what  we  should  aim  to  do  is  to  make  the 
generators  as  safe  as  possible,  and  then  protect  them  and  the 
system  and  the  oil  switches  by  means  of  the  external  reactances. 

I  think  another  very  interesting  point  brought  out  by  Messrs. 
Schuchardt  and  Schweitzer  is  that  after  repeating  short  circuits, 
nearly  150  of  them,  there  was  absolutely  no  damage  to  the  gen- 
erators, no  displacement  of  the  coils,  no  displacement  of  the 
field  structure  or  the  shafting  of  the  machine.  I  think  that 
demonstrates  the  desirability  of  the  reactance  about  as  well  as 
any  point  that  has  as  yet  been  brought  up. 

B.  G.  Lamme:  Two  of  the  papers  presented  this  morning 
have  brought  out  the  fact  that  reactances  are  advisable  in  the 
protection  of  large  capacity  alternating  current  generators.  I 
fully  agree  with  the  authors  of  the  papers  on  this  point  and  have 
held  a  similar  opinion  for  several  years.  Experience  shows  that, 
in  commercial  operation,  sooner  or  later  short  circuits  will  occur 
on  all  generating  systems,  especially  if  they  are  of  high  voltage; 
and  if  the  machines  are  of  very  large  capacity  the  stresses  exerted 
by  the  short  circuit  current  will  be  so  great  that  there  must  be 
some  means  provided  for  limiting  the  maximum  current. 

An  interesting  point  to  me  in  the  paper  by  Messrs.  Schuchardt 
and  Schweitzer  is  the  amount  of  reactance  which  they  found 
advisable.  From  their  tests  they  found  that  a  reactance  which 
limited  the  maximum  current  to  14  times  normal  was  satisfactory. 
That  is  an  interesting  figure,  for  it  is  the  one  which  we  had 
reached  as  the  limit,  in  our  experience  with  large  generators. 
We  found  that  when  we  could  keep  the  current  down  to  12  or 
14  times  normal  current  on  dead  short  circuit  there  was  very 
little,  if  any,  difficulty  in  bracing  the  end  windings  to  stand  the 
shock.  We  also  found  that,  in  a  great  many  cases,  there  was 
no  difficulty  in  getting  that  amount  of  reactance  in  the  machine 
itself  without  making  an  abnormal  design. 

However,  that  question  depends  somewhat  on  other  features 
than  on  the  construction  of  the  winding  itself.  The  speed  comes 
in  as  an  important  condition.  For  instance,  if  you  have  a 
moderate  speed  turbo  generator  of  large  capacity  it  may  require 
an  abnormal  design  to  obtain  a  high  reactance  inside  the  ma- 
chine itself.  If  you  double  the  speed,  and  thus  cut  the  number 
of  poles  in  half,  you  may  find  it  difficult  to  obtain  a  low  reactance 
in  the  machine.  As  the  speed  is  increased  and  the  number  of 
poles  is  decreased  the  reactance  naturally  tends  to  increase  and 
if  the  speed  is  made  sufficiently  high  the  machine  can  have 
sufficient  reactance  in  itself  to  limit  the  short  circuit  current  to  a 
satisfactory  value.  That  being  the  case,  no  external  reactances 
will  be  required  in  such  machines.  For  example,  if  a  10,000 
to  15,000  kw.,  25  cycle  machine  is  made  with  two  poles,  1,500 
rev.  per  min.,  the  internal  reactance  would  naturally  be  very 
high.  Also,  if  the  same  capacity  machine  for  60  cycles  has  four 
poles  and  operates  at  1,800  revolutions,  a  fairly  high  internal 
reactance  can  readily  be  obtained.     My  experience  with  such 
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machines  has  been  that  there  is  little  or  no  occasion  for  adding 
reactances  outside  the  machine. 

Fiirthermore,  in  these  high  speed  machines  it  does  not  appear 
to  complicate  the  machine,  or  increase  its  cost,  to  obtain  suffi- 
cient internal  reactance.  In  such  machines  a  comparatively 
small  number  of  coils  of  large  size  will  naturally  be  used  and  such 
construction  tends  at  once  toward  high  reactance. 

One  fact,  which  should  be  considered  in  the  use  of  reactance, 
is  that  the  higher  the  reactance  in  circuit  the  higher  the  machine 
will  be  worked  for  a  given  terminal  voltage,  or  the  lower  the 
terminal  voltage  with  a  given  generated  e.m.f.  In  other  words, 
the  addition  of  reactance  in  the  circuit  directly  tends  to  decrease 
the  available  output  of  the  machine. 

On  the  other  hand,  the  conditions  which  tend  toward  increased 
output  in  the  machine  itself  also  tend  toward  increased  internal 
reactance,  relatively,  and  it  may  be  assumed  that,  if  the  ma- 
chine is  constructed  for  high  internal  reactance,  in  many  cases 
it  can  also  be  constructed  for  very  high  output.  This  inter- 
relation of  high  internal  reactance  and  high  output  can  be 
illustrated  in  a  rather  simple  manner.  Assume,  for  example, 
that  with  a  given  number  of  armature  slots,  the  ampere  turns 
per  slot  can  be  doubled,  by  changing  the  proportions  of  the  slots, 
and  by  various  other  arrangements.  It  is  obvious  that  the 
reactance  of  the  machine  as  a  whole  would  either  be  increased 
slightly,  or  at  least,  would  not  be  decreased.  However,  the 
output  would  be  very  materially  increased  and  in  consequence 
the  maximum  short  circuit  current  on  the  machine  would  either 
be  decreased  or  would  be  no  greater  than  before,  while  the  normal 
current  would  be  increased.  In  consequence,  the  machine  with 
increased  output  would  have  no  worse  short  circuit  conditions 
than  before,  or  the  conditions  might  even  be  materially  im- 
I)roved  due  to  increased  reactance.  The  problem  therefore 
ttuTis  purely  upon  questions  of  design,  such  as  obtaining  high 
ampere  turns  per  slot,  while  at  the  same  time  avoiding  excessive 
eddy  current  losses  and  heating  in  the  slot  conductors.  Greater 
refinements  in  the  proportioning  of  the  windings  are  now  being 
carried  out  than  were  thought  necessary  only  a  few  years  ago. 

For  parallelling  large  alternating  current  systems,  low  reac- 
tance is  not  a  necessary  condition,  but  relatively  low  resistance  is 
required.  Experience  has  shown  that  there  is  a  certain  limiting 
resistance  which  can  be  used,  above  which  instability  of  opera- 
tion will  occur.  The  limiting  value  of  that  resistance  is,  to  a 
certain  extent,  a  function  of  the  construction  ^of  the  machines 
themselves.  For  instance,  if  the  synchronous  machines  have 
large  cage  dampers  on  their  fields,  the  resistance  between  the 
machines  can  be  higher  than  with  imdamped  machines.  In 
some  tests  made  a  few  years  ago  it  was  found  that  with  an  ohmic 
drop  corresponding  to  20  per  cent  of  the  terminal  voltage  of  the 
machine,  instability  was  reached  with  the  very  best  damper 
which  could  be  put  on  the  field.     With  less  damping  action 
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a  lower  resistance  produced  instability.  If,  therefore,  a  25  per 
cent  to  50  per  cent  overload  condition  is  to  be  considered,  then 
at  normal  load,  only  from  10  per  cent  to  12  per  cent  ohmic  drop 
is  permissible  between  the  machines. 

At  the  same  time  that  the  above  tests  were  made  for  limiting 
resistance  drop  it  was  found  that  a  very  high  reactance  cotdd 
be  used  between  the  machines  without  producing  instability. 
The  tests  showed  that  the  amoimt*  of  reactance  permissible 
was  far  greater  than  that  required  to  limit  the  maximum  current 
to  a  safe  value  in  case  of  short  circuit. 

There  is  one  point  not  brought  out  in  Mr.  Schuchardt*s 
paper  and  that  is  that  the  damage  to  the  winding  is  not  merely 
a  function  of  the  maximum  current  but  is  also  dependent  upon 
the  duration  of  the  short  circuit  and  also  upon  the  number  of 
short  circuits  which  may  occur.  In  connection  with  the  New 
Haven  Railway  generators,  where  we  had  to  add  reactances  to 
reduce  the  shocks  on  the  machines  and  system,  it  was  found  that 
an  individual  short  circuit  apparently  produced  but  little 
damage  to  the  armature  windings,  but  in  the  preliminary  opera- 
tion of  the  system,  as  many  as  25  to  30  short  circuits  occurred 
per  day,  and,  even  with  such  frequent  short  circuits,  the  winding 
was  found  to  stand  up  for  months  before  a  breakdown  would 
occur.  Also,  as  these  machines  were  equipped  with  very  heavy 
dampers  the  maximum  short  circuit  current  would  hold  up  to 
practically  highest  value  for  25  to  30  alternations,  which  was 
found  to  be  a  much  more  severe  condition  than  where  the  short 
circuit  was  of  much  briefer  duration.  The  results  indicated  that 
it  was  the  continued  hammering  of  the  insulation  by  the  short 
circuit  stresses  which  did  the  most  damage,  and  not  the  in- 
dividual shock. 

A  remedy  applied  for  this  condition  on  these  machines  was 
the  use  of  reactances  in  the  circuits  from  the  machines.  These 
were  of  the  iron-core  type  and  have  proven  very  effective.  At 
normal  load  the  iron  is  worked  at  such  a  low  induction  that  the 
maximum  current  on  short  circuit  will  just  about  saturate  the 
core.  When  so  proportioned,  an  iron  reactance  is  apparently 
as  effective  as  an  air-core  reactance  and  has  very  little  external 
stray  field.  I  will  say,  however,  that  in  constructing  this  reac- 
tance a  large  internal  air  gap  is  allowed — about  5  in.,  so  that  it  is, 
to  a  certain  extent,  an  air-core  reactance  with  an  iron  enclosing 
circuit. 

In  these  New  Haven  machines  it  was  found  that  a  reactance 
allowing  15  times  normal  current  was  not  sufficient  to  protect 
the  machines,  and  it  was  necessary  to  put  in  reactances  stufficient 
to  reduce  the  current  to  seven  or  eight  times  normal.  How- 
ever, the  conditions  were  abnormal,  as  the  output  of  the  machines 
was  single-phase  current  which  required  heavy  cage  dampers  on 
the  rotor  fields  in  order  to  suppress  the  magnetic  pulsations  due 
to  the  single-phase  armature  reaction.  With  these  heavy 
dampers  the  short  circuit  conditions  were  very  much  wors^ 
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than  those  encountered  in  ordinary  generators  of  the  same  ca- 
pacity. Experience  with  other  types  of  machines  has  indicated 
that  if  sufficient  reactance  is  supplied  either  internally  or  ex- 
ternally, to  limit  the  current  to  about  12  times  normal,  it  will 
protect  the  usual  types  of  machines. 

W.  L.  Waters :  The  tests  made  at  the  Commonwealth  Edison 
Co.,  and  the  system  of  fjrotection  there  worked  out,  are  similar 
to  those  carried  out  three  years  ago  by  the  Westinghouse  Com- 
pany, in  connection  w^ith  the  Cos  Cob  Power  Station  of  the 
New  York,  New  Haven  and  Hartford  R.R.  Co.  At  the  time  the 
single  phase  equipment  was  being  installed,  this  power  house  w^s 
subjected  to  a  continuous  series  of  short  circuits  due  mainly  to 
the  non-selective  action  of  the  circuit  breakers;  these  short 
circuits  sometimes  occurring  as  frequently  as  25  or  30  per  day, 
and  varying  in  intensity  from  a  dead  short  circuit  to  one  at  the 


Fig.  1 

end  of  a  line  having  5  per  cent  resistance  drop.  The  system  of 
protection  worked  out  for  that  power  station  was: — an  improved 
system  of  armatiu-e  coil  bracing  on  the  turbo  generators;  the 
connection  of  a  9  per  cent  iron  cored  choke  coil  permanently  in 
series  with  the  line;  and  series  or  relayed  oil  switches,  which  in 
cases  of  short  circuit  introduced  resistance  into  the  line,  thus 
decreasing  the  magnitude  of  the  short-circuit  current  and  raising 
its  power  factor  before  finally  opening  the  circuit.  This  selec- 
tive circtdt  breaker  action  and  somewhat  elaborate  system  of 
protection  was  installed  on  account  of  the  exceptionally  severe 
conditions  of  operation,  and  it  is  probable  that  some  less  com- 
plete arrangement  such  as  that  employed  by  the  Commonwealth 
Edison  will  aflEord  ample  protection  for  the  average  power  station. 
The  system  of  armature  coil  bracing  for  the  turbo  generators 
is  shown  in  the  accompanying  illustration  Fig.  1.     It  will  be 
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seen  that  it  consists  of  heavy  wood  blocks  clamping  the  winding 
to  metal  brackets  by  means  of  insulated  bolts.  This  bracing 
can  be  made  as  rigid  as  desired,  and  has  the  advantage  of  being 
permanent,  as  it  does  not  deteriorate  with  time  like  the  rope  or 
twine  lashing  sometimes  used.  Numerous  tests  have  been  made 
on  generators  equipped  with  this  system  of  bracing,  by  short 
circuiting  when  excited  to  30  per  cent  above  normal  voltage, 
and  in  no  case  has  any  movement  of  the  coils  been  noted.  In 
fact  the  shock  of  the  short  circuit  seems  to  be  felt  more  on  the 
frame  of  the  generator  than  on  the  winding. 

The  Westinghouse  tests  above  referred  to,  which  were  oscillo- 
graph records  made  to  determine  the  effect,  on  the  generator 
short  circuit  current,  of  including  various  types  of  self  induction 
in  the  circtdt,  were  made  in  1908  on  2,000  kw.;  500  kw.  and  300 
kw.  generators,  tests  being  made  at  60  and  25  cycles,  both  with 
and  without  dampers  on  the  field  magnets.  The  majority  of 
the  tests  were  made  single-phase  as  it  was  found  impossible  to 
obtain  consistent  results  on  three-phase  tests  because  of  varia- 
tion in  the  time  of  closing  for  the  short  circuiting  switches  in  the. 
three  phases.  The  results  of  tests  checked  up  well  with  the- 
oretical calculations;  the  actual  shape  of  the  short  current  waves 
being  found  to  be  dependent  on  the  power  factor  of  the  short 
circuit  and  the  phase  of  the  current  at  the  instant  the  short 
circuit  was  closed.  Under  the  worst  conditions,  the  current  wave 
immediately  after  closing  the  short  circuit  lay  entirely  on  one 
side  of  the  zero  line,  and  the  maximum  peak  had  a  value  double 
that  figured  by  dividing  the  e.m.f.  of  the  generator  by  the  im- 
pedance in  circuit.  Under  the  most  favorable  conditions,  the 
current  wave  was  at  all  times  symmetrical  with  regard  to  the  zero 
line,  and  the  maximum  peak  was  approximately  the  same  as  the 
value  obtained  by  dividing  the  e.m.f.  by  the  generator  by  the 
impedance  in  circuit. 

Referring  to  the  relative  advantages  of  auto-transformers, 
iron  choke  coils,  and  air  choke  coils,  for  installation  in  a  power 
station  to  protect  against  lightning,  surges,  and  short  circuits, 
it  would  seem  that  they  all  have  both  advantages  and  disad- 
vantages; provided  in  all  cases  any  iron  cores  used  are  worked  at 
a  sufficiently  low  magnetic  density,  so  that  they  do  not  become 
saturated  at  the  maximum  peak  of  the  short  circuit  current. 
An  auto  transformer,  if  built  with  a  sufficiently  high  leakage 
reactance  will  undoubtedly  afford  protection,  but  it  is  expensive 
and  is  a  constant  source  of  loss.  A  12,000-kw.,  three-phase,  25- 
cycle  4,500  to  9,000-volt  auto-transformer  will  have  a  full  load 
efficiency  of  about  99.25  per  cent,  while  the  efficiency  of  a  12,000 
kw.  9,000-volt  turbo-generator  is  practically  the  same  as  the 
corresponding  4,500  volt  machine,  so  that  this  0.75  per  cent  loss 
in  the  transformer  is  not  compensated  for  in  anyway.  If  we 
assume  the  generator  operates  50  per  cent  of  the  time  and  that 
energy  costs  0.4  cent  per  kw-hr.,  this  auto  transformer  results  in 
an  annual  loss  of  $1,570  which  capitalized  at  8  per  cent  represents 
$20,000. 
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In  regard  to  the  relative  desirability  of  air  and  iron  choke 
coils: — an  air  choke  coil  is  appreciably  cheaper  in  first  cost,  but 
possesses  the  disadvantage  of  a  strong  external  magnetic  leakage 
fie  d  which  is  liable  to  effect  the  instruments  and  to  produce 
mechanical  stresses  or  heating  in  surroimding  objects.  It  has 
also  been  foimd  from  experiment  that  an  iron  choke  coil  is  less 
liable  in  a  short  circuit  to  produce  the  distorted  current  wave 
located  entirely  on  one  side  of  the  zero  line  which  was  above 
referred  to.  So  that  as  a  result  of  this  it  would  seem  that  an 
iron  choke  coil,  provided  there  is  no  saturation  at  the  high 
current  values  attained  on  short  circuit,  is  somewhat  more  effec- 
tive in  reducing  the  maximum  current  on  short  circuit  than  would 
be  an  air  choke  coil  having  the  same  impedance  for  steady 
values. 

John  J.  Frank:  In  the  discussion  of  the  papers  by  Mr. 
Merriam  and  the  paper  by  Mr.  Schuchardt  and  Mr.  Schweitzer 
I  will  endeavor  to  confine  my  remarks  to  that  of  the  designing 
engineer,  on  the  current  limiting  reactance  which  forms  such  an 
important  part  of  both  papers. 

Neither  paper,  I  believe,  intends  to  convey  the  impression  that 
every  distributing  system  great  or  small  should  be  provided  with 
a  current  limiting  reactance  as  a  positive  insurance  to  the 
elimination  of  all  the  troubles  experienced  by  the  operating 
engineer. 

Where  the  impedance  of  the  generator  and  the  transformers  is 
small  the  introduction  of  a  current  limiting  reactance  will  no 
doubt,  relieve  the  system  to  a  great  extent  of  both  mechanical 
and  electrical  strains.  This  is  supported  not  only  by  the  papers 
presented  but  by  the  experience  of  the  Consolidated  Gas  &  Elec- 
tric Co.,  of  Baltimore,  who  installed  a  reactance  for  the  protec- 
tion of  a  5,000-kw.,  13,200-volt  25-cycle  turbo  generator.  The 
particular  causes  of  excessive  current  are  short  circuits  between 
the  lines,  bus  bars  and  generator  leads,  and  grounds  on  Y  con- 
nected systems  with  grounded  neutral.  The  possible  effects 
in  mechanical  strains  upon  connected  apparatus  can  best  be 
understood  by  reference  to  the  strains  in  a  transformer 

Take  for  illustration  a  5,000  kw.,  three-phase  transformer, 
having  delta  connected  primaries  supplied  with  9,000  volts, 
25  cycles.  The  normal  current  in  the  windings  is  185  amperes; 
the  measured  reactance  of  the  windings  is  2.3  per  cent.  With 
the  secondary  windings  short-circuited  and  constant  terminal 
voltage  impressed  upon  the  primary  windings,  the  current  flowing 

185 
in  the  latter  would  be  ^  ^«  =  8050   amperes.      The   distance 

between  their  magnetic  centers  is  1.7  in.  =  4.32  cm. 

The  mechanical  work  of  the  magnetic  forces  of  a  circuit  in 
which  current  is  flowing  is 

W=^  (1) 
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Where  /  is  the  measure  of  the  current  and  L  the  inductance  of 
the  circuit.     This  quantity  is  analogous  to  the  energy  of  a  static 

C  E^  M  V^ 

charge,      ^    ,  and  to  the  energy  of  motion,       ^ 

If  F  is  the  force  in  grams  produced  between  primary  and 
secondary  windings,  and  /  the  distance  between  their  magnetic 
centers,  the  mechanical  work  done  in  moving  one  set  of  coils 
through  the  distance  /  against  the  force  F  would  be 

W=FXl  g.-cm.  (2) 

=  FXgXlXnV  joules. 

Hence,  substituting  (1)  and  (2) 


and 


F/-  2  f  10^  K-^"^-  (3) 


*F='^  10^  g.  (4) 


which  is  the  mechanical  force  existing  between  the  primary  gind 
secondary  windings  of  a  transformer  at  the  short-circuit  current  i. 
At  short-circuit,  the  total  supply  voltage  e  is  consumed  by  the 
leakage  inductance  of  the  transformer,  therefore: 

e  =  2irfLi  (5) 

Hence,  substituting  (5)  in  (4)  gives 

P^    eiW 

4irfgl    ^' 


812  e  i  .^. 

Inserting  the  values  of  <;,  /,  /  and  /  in  (6)  we  have, 

/'  =  545X10"  g. 
=  1,200,000  lb. 
=  535  tons. 

This  force  is  exerted  between  the  six  faces  of  the  three  primary 
coils  and  the  corresponding  faces  of  the  secondary  coils;  and 
thus  on  every  coil  there  is  exerted  the  force 

^  =  89  tons. 
o 
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This  is  the  average  force,  which  varies  between  0  and  178 
tons,  and  thus  reaches  an  enormous  value. 

If  we  denote  the  leakage  reactance  of  a  transformer  by  x,  sub- 
stituting i= —  in  (6)  gives  as  the  short  circuit  force  at  main- 

X 

tained  terminal  voltage  «,  the  value 

e^lO^     ^  fix 
^Tfglx     812c«   ^' 

That  is,  the  short  circuit  stresses  are  inversely  proportional  to 
the  le^age  reactance  of  the  transformer.  It  follows,  therefore 
that  on  systems  of  very  large  powers  safety  requires  the  use  of 
high  reactance. 

In  order  that  a  reactance  shall  protect,  its  voltage  character- 
istic should  be  a  straight  line ;  that  is,  it  should  be  proportional 
to  the  current  flowing.  The  following  empirical  formula  has 
been  followed  in  the  design  of  such  coils. 

The  voltage  induced  in  a  coil  in  a  magnetic  field  is 

4.44  0/r 
E- jo3  (7) 

in  which  0  is  the  flux  enclosed  by  the  conductor,  /  the  frequency 
in  cycles  per  second,  and  T  the  number  of  turns.  The  flux 
produced  by  a  solenoid  or  coil  without  an  iron  core  is 

^_  ITd 

«^--^-  (8) 

in  which  /  is  the  current  in  the  coil,  T  the  number  of  ttuns,  d 
the  inside  diameter,  and  K  an  empirical  constant  which  equals 

A:  =  0.125+0.28-^  (8a) 

where  (see  Fig.  2)  L  is  the  length  and  D  the  mean  diameter  of 
the  solenoid.     Substituting  (8)  in  (7) 

A. 
r=4750   'Vjjj  (10) 


and 
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The  latest  expression  of  the  designer  is  shown  in  the  ac- 
companying illustrations  Figs.  1  and  2.  The  core  consists  of  a 
cylinder  of  concrete  in  which  are  imbedded  anchor  plates  for 
clamping  bolts. 

Radial  strips  of  wood  treated  to  give  greatest  possible  insula* 
tion  are  attached  to  the  core  and  are  provided  with  grooves  into 
which  the  conductor  is  wound.  The  conductor  consists  of  bare 
stranded  cable  and  is  wound  in  one  continuous  piece  as  shown 
in  the  photograph  so  that  eddy  currents  which  might  heat  tht 
solder  or  brazed  joint  in  the  center  of  the  winding  is  elimiiialefJ. 
The  end  turns  are  given  increased  space  over  the  average  allow- 


I 


Fig,  1 


Fic;.  2 


ance  to  afTord  better  reiiabiHty  against  electrical  or  mapet: 
shocks  to  which  it  may  be  subjected.  In  addition  the  cotidticu 
on  the  last  turn  at  each  radial  sup^xirt  is  clamped  to  funk 
increase  the  rigidity  of  the  coil.  That  the  reactance  opera it^ 
satisfactorily  in  the  tests  made  is  brought  out  in  the  two  paper 
In  order  to  facilitate  cleaning  and  inspection,  the  cores  an 
wooden  radial  supports  are  given  a  coat  of  cream  color  etiaffii 
paint.  All  of  the  bolts,  nuts,  and  clamping  members  are  mad 
of  brass  rather  than  steel,  to  eliminate  any  heating  due  to  tt 
concentration  of  the  flux  which  would  be  induced  by  a  magnetj 
material. 
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Louis  A.  Ferguson:  I  would  like  to  know  whether  Mr. 
imme  desired  to  convey  the  impression  that  it  wotild  be 
tter  to  use  machines  of  high  reactance  rather  than  external 
ictance?  My  reason  for  aiking  that  question  is  because  he 
ide  the  statement,  if  I  heard  him  correctly,  that  by  using  ma- 
ines  of  high  reactance  you  could  increase  the  output,  by  using 
arge  number  of  coils  per  slot. 

Our  experience  here  in  Chicago  has  been  rather  the  other 
ly;  that  is,  we  have  foimd  with  our  earlier  large  machines  that 
ere  was  considerable  heating,  and  that  the  output  for  the 
pacity  of  the  machine  was  limited,  and  it  was  necessary,  in 
ler  to  obtain  the  desired  output,  to  reduce  the  number  of 
lis  per  slot,  and  for  this  reason,  because  of  the  two  statements 
ing  together,  I  would  like  to  have  him  state  whether  in  his 
inion  it  is  better  to  use  machines  of  high  reactance,  or  ma- 
ines  of  low  reactance,  and  external  reactance  connected 
erewith. 

In  replying  to  the  question  I  would  suggest  that  Mr.  Lamme 
nfine  his  remarks  to  the  large  machines,  such  as  the  12,000 

20,000-kw.  and  leave  out  of  consideration  the  small  ma- 
ines  of  say,  1,000  to  2,000  kw. 

B.  G.  Lamme :  In  machines  of  large  capacity,  such  as  turbo- 
nerators,  it  is  advisable  and  practicable  to  obtain  large  in- 
■nal  reactance  by  suitable  design.  If  you  can  increase  the 
mber  of  ampere  turns  per  slot  you  will  tend  to  increase  both 
e  output  and  the  reactance  of  the  machine,  and  therefore  the 
rcentage  of  current  on  short  circuit  will  be  relatively  decreased. 

practice  it  will  be  found  that  high  reactance  machines  are 
nerally  of  relatively  high  output  for  given  dimensions. 
As  to  the  matter  of  increasing  the  number  of  ampere  turns 
r  slot,  that  is  a  question  of  design  principally.  The  diffi- 
Ity  with  high  ampere  turns  per  slot  is  principally  from  eddy 
rrents  due  to  local  flux  conditions  in  the  slot.     Very  much  can 

gained  on  this  point  by  careful  design  and  there  is  evidence 
at  we  can  go  much  further  in  this  regard  than  we  have  yet  gone. 
I  think  the  whole  tendency  in  turbo -generator  design  is  toward 
e  largest  nimiber  of  ampere  turns  which  can  be  gotten,  into 
e  armature,  without  increasing  the  dimensions,  and  such  in- 
case in  ampere  turns  will  also  be  accompanied  by  increase  in 
actance.  I  am  in  favor  of  putting  as  much  reactance  as  possible 
to  the  machine  itself  up  to  the  limiting  amoimt  required, 
id  whenever  a  sufBcient  amount  for  protection  cannot  be  put 
to  the  machine  itself,  then  put  the  remainder  outside.  I  do 
3t  favor  making  the  internal  reactance  as  low  as  possible 
id  putting  high  reactances  outside  for  I  believe  that  this  is 
relatively  expensive  method  of  procedure. 

R.  B.  Williamson:  This  paper  has  demonstrated  very  clearly 
16  desirability  of  a  certain  amount  of  reactance  in  connection 
ith  large  turbo-generators.  This  reactance  may  be  external 
s  in  the  present  case,  or  it  may  be  in  the  machine  itself,  provided 
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the  design  is  such  that  a  high  reactance  winding  can  be  used 
without  making  a  less  desirable  design  in  other  respects.  High 
reactance  in  the  generator  itself  means  a  high  specific  loading 
for  the  stator  (i.e.,  high  value  of  the  number  of  ampere-conduc- 
tors per  slot  or  per  inch  of  periphery.)  In  large  turbo-generators, 
most  of  the  heat  liberated  in  the  stator  copper  must  pass  through 
the  insulation  and  into  the  stator  iron  before  it  can  be  carried 
off,  i.e.,  the  cooling  effect  of  the  ends  of  the  coils  is  compara- 
tively slight.  In  order,  therefore,  to  limit  the  internal  heating 
of  the  stator  coils,  an  increase  in  the  number  of  conductors  per 
slot  must  be  accompanied  by  other  changes  in  the  design,  in 
order  to  limit  this  heating.  This  is  particularly  true  in  high 
voltage  generators  where  the  heat  has  to  pass  through  a  con- 
siderable thickness  of  insulation. 

Since  it  is  clearly  desirable  to  have  a  certain  amoimt  of  reac- 
tance in  order  to  avoid  the  disastrous  effects  of- short  circuits 
on  large  tmits,  and,  since  a  high  reactance  involves  poor  inherent 
regulation,  it  follows  that  close  inherent  regulation  should  not 
be  specified  for  such  units.  Moreover,  it  is  now  general  practice 
to  take  care  of  the  voltage  regulation  by  means  of  automatic 
regulators,  so  that  there  is  no  great  necessity  for  close  inherent 
regulation. 

Another  point  to  be  considered  is  that,  other  things  being 
equal,  high  speed  machines  are  more  likely  to  be  damaged  by 
heavy  short  circuits  than  low  speed  ones.  The  internal  reac- 
tance of  the  high  speed  generator  will  usually  be  less  than  that  of 
the  lower  speed  machine,  but  even  assumLinj:  the  same  reactance 
in  each  case,  the  coils  in  a  high  speed  generator  span  a  greater 
angle,  hence  the  projecting  ends  of  coils  ai-e  correspondingly 
longer  and  more  difficult  to  support  securely. 

Clarence  P.  Fowler:  In  addition  to  the  superior  features 
mentioned,  by  Dr.  Steinmetz,  of  direct  current  as  compared 
with  alternating  current  for  supplying  electrical  energy  to  the 
congested  portions  of  our  larger  cities,  the  following  inherent 
advantages  of  the  former  system  for  this  class  of  service,  have 
been  doubtless,  in  no  small  measure,  responsible  for  the  per- 
sistence of  this  S3rstem,  (through  the  use  of  alternating  current- 
direct  current  conversion  apparatus)  to  the  exclusion  of  alter- 
nating current  supply: 

a.  With  direct  current  available,  special  devices  are  unnec- 
essary for  charging  small  storage  batteries,  such  as  used  in  auto- 
mobiles, etc. 

6.  As  most  isolated  plants  for  office  buildings,  etc.,  are  of  the 
direct  current  type,  the  use  of  direct  current  distribution  at 
once  facilitates,  the  installation  of  breakdown  service  connec- 
tions for  such  plants. 

c.  With  alternating  current  distribution  there  is  considerably 
more  high  tension  feeder  copper  required  per  maximtun  kw.  than 
with  the  alternating  current-direct  current  system  and  as  high 
tension  cables  cost  vastly  more  per  lb.  of  copper  than  low  tension 
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cables,  it  is  evident  that  there  will  be  quite  a  marked  saving 
in  this  direction  in  favor  of  direct  current  distribution. 

d.  There  is  also  quite  a  difference  in  favor  of  the  maintenance 
of  low-tension  cables  as  compared  with  high-tension  cables  and 
even  assuming  equal  life  for  each,  the  scrap  value,  at  the  time  of 
removal,  would  be  perhaps  35  per  cent  to  50  per  cent  lower  for 
high  tension  than  for  low  tension  cables. 

The  analogy  drawn  between  the  necessity  for  the  use  of 
reactance  in  connection  with  our  modern  high  voltage,  high- 
power  systems,  on  the  one  hand  and  the  resistance  of  lines, 
feeders  and  mains  of  the  older  and  smaller  direct  current  sys- 
tems, on  the  other,  is  interesting. 

The  use  of  reactance,  as  an  adjunct  to  the  operation  of  syn- 
chronous apparatus,  as  a  means  of  affecting  voltage  regulation 
has  been  fully  appreciated,  for  some  time  past.  In  1905  the 
writer  discussed,  the  possibilities  of  the  use  of  reactance,  for  this 
purpose,  and  showed  by  means  of  waves,  giving  the  relative 
phase  relations  of  e.m.f.  and  current,  that  the  inductive  voltage, 
across  a  reactance,  could  be  made  additive  to  or  subtractive  from 
the  delivered  line  voltage,  depending  upon  the  intensity  of 
field  charge  of  the  connected  synchronous  apparatus. 

It  is,  however,  only  comparatively  recently  that  the  power- 
limiting  capabilities  of  reactances  have  come  to  the  fore.  This, 
no  doubt,  has  been  largely  due  to  the  marked  movement  toward 
consolidation  and  concentration,  in  the  central  station  industry, 
resulting  in  unified  systems  of  gigantic  proportions,  the  loads 
upon  which  may  fluctuate  suddenly  through  a  wide  range  or 
still  worse,  short  circuits  on  such  high-powered  systems  may  give 
rise  to  rushes  of  current,  the  volume  of  which  was  hitherto 
unknown,  in  previous  systems.  The  change  that  has  taken  place 
in  the  size  of  central  stations  will  be  apparent,  when  it  is  noted 
that  the  U.  S.  Department  of  Commerce  and  Labor,  reports 
that  the  average  size  of  central  station  grew  about  72  per  cent, 
in  the  five  year  period  from  1902  to  1907. 

The  violent  forces  acting  upon  generating  transforming  and 
switching  equipment  resulting  from  short  circuits,  on  high- 
powered  systems,  have,  in  many  instances,  manifested  themselves 
in  no  uncertain  way,  in  the  complete  destruction  of  the  switching 
equipment  and  oftentimes  with  considerable  damage  to  gener- 
ating and  transforming  equipment,  in  the  absence  of  power- 
limiting  reactances.  With  the  practical  elimination  of  the  recip- 
rocating engine  from  these  large  stations  and  the  substitution 
therefor  of  the  steam  turbine,  a  type  of  apparatus  has  been 
introduced  the  construction  of  which  is  peculiarly  susceptible 
to  mechanical  strains,  due  to  sudden  surges  of  current  of  large 
volume.  This  condition  in  the  turbine,  results  from  the  com- 
paratively few  poles  employed  and  the  consequent  relatively 
greater  throw  of  armature  coils,  and  resulting  lack  of  rigidity 
of  the  armature  conducting  structure.  To  add  to  the  rigidity  of 
the  armature  coils,  various  forms  of  coil  supports,  brackets, 


Digitized  by  VjOOQIC 


1246  REACTANCES  [June  27 

etc.,  have  been  devised,  and  while  this  method  of  construction 
has  greatly  aided  in  preventing  distortion  of  the  armature  wind- 
ing, it  is  evident  the  method  of  removing  the  cause  of  the  trouble 
through  use  of  properly  designed  reactances  offers  one  of  the 
most  satisfactory  solutions  of  this  problem.  In.  fact,  one  of  the 
largest  and  most  important  examples  of  steam  railroad  electrifi- 
cation in  this  country,  has  found  the  use  of  just  such  reactances 
a  most  indispensable  aid  in  the  safety  and  reliability  of  its 
power  supply  apparatus. 

P.  Junkersf eld :  The  three  papers  presented  at  this  session 
are  either  based  upon  or  suggested  to  a  large  extent  by  the  tests 
referred  to  as  having  been  made  in  the  plants  of  the  Common- 
wealth Edison  Company  of  Chicago.  The  need  for  making  this 
long  series  of  tests  at  considerable  risk  and  expense  was  brought 
about  by  a  unique  situation.  A  very  large  amount  of  electric 
power  supply  business  had  been  obtained  and  to  serve  this,  there 
had  been  installed  sixteen  (16)  large  turbo-generators  ag- 
gregating 204,000  kw.  all  in  a  little  less  than  five  years.  The 
rapidly  increasing  responsibility  to  the  consuming  public  of 
operating  this  unusual  equipment  and  the  large  system  of  which 
it  forms  a  part,  together  with  the  need  of  providing  additional 
equipment  of  still  greater  capacity  and  better  economy,  made  it 
absolutely  necessary  to  make  a  most  thorough  experimental  in- 
vestigation and  to  secure  the  most  positive  information  on  this 
fundamental  feature  of  reactance  in  a  large  system.  As  a  result 
of  these  tests  the  previous  tentative  plan  of  installing  6  per  cent 
reactance  for  each  of  the  remaining  thirteen  (13)  turbo-generators 
having  a  frequency  of  25-cycles  was  finally  approved  and  also  the 
plan  of  installing  a  limited  amount  of  reactance  in  each  of  the 
two  tie  lines  connecting  the  Fisk  and  Quarry  Street  Stations. 

I  wish  to  express  appreciation  of  the  careful  thought  and  much 
extraordinary  effort  on  the  part  of  all  the  engineers  of  the 
manufacturing  and  operating  companies  who  were  in  any 
way  connected  with  these  tests,  and  particularly  also  to 
Dr.  E.  J.  Berg  and  Dr.  Chas.  P.  Steinmetz  whg  gave  thereto  a 
very  large  amount  of  personal  attention. 

As  a  matter  of  reliability  of  service,  the  localization  of  the 
effect  of  breakdowns  of  whatever  nature  will  probably  always 
be  the  most  important  problem.  On  the  one  hand  there  is 
frequently  the  temptation  to  install  a  still  larger  amount  of 
protective  apparatus  which  may  in  itself  occasionally  cause 
trouble.  On  the  other  hand  other  methods  of  securing  greater 
reliability  such  as  independent  lines  or  sources  of  supply,  multi- 
plication of  lines,  sectionaUzed  operation  to  a  greater  or  lesser 
extent,  etc.,  may  involve  greater  expense  than  is  commercially 
justified. 

Referring  now  to  Mr.  Lamme's  statement,  as  I  understand  him, 
that  repeated  short  circuits  do  more  damage  than  individual 
short  circuits:  In  our  experience  it  is  the  individual  short 
circuit  on  the  high  tension  system  that  causes  the  damage,  and 
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which  in  most  cases  is  so  severe  that  the  particular  linit  cr 
element  affected  must  be  repaired  or  overhauled  b^sfore  it  can 
be  again  put  into  service. 

At  the  Annual  Convention  last  year,  the  discussion  of  Mr. 
Cheyney's  paper  on  **  Oil  Switches  "  by  myself  and  others 
indicated  a  lack  of  confidence  and  brought  out  the  fact  that  very 
little  improvement  had  been  made  in  oil  switches  for  several 
years.  Tests  made  during  the  past  year,  some  of  which  are 
included  in  Mr.  Merriam's  paper,  have  indicated  the  necessity 
of  several  improvements  in  ev^ry  type  and  make  of  oil  switches 
that  were  tested.  They  are  improvements  in  oil  diverters  and 
baffles,  proper  reinforcement  of  various  kinds  of  oil  vessels, 
effect  of  size  of  oil  vessels,  speed  of  opening,  length  of  break, 
effect  on  oil  of  repeated  short  circuits  and  so  on.  These  im- 
provements are  in  a  structural  sense  of  a  minor  natiu-e,  but  of 
much  importance  in  securing  more  satisfactory  and  reliable 
operation  of  oil  switches,  and  hence  I  believe  we  are  now  justified 
in  placing  more  confidence  in  oil  switches  than  before.  There  is, 
however,  still  ample  room  for  further  improvements. 

It  was  demonstrated  during  the  Chicago  tests  that  it  is  not 
necessary  in  future  that  such  short  circuit  tests  be  made  in  a 
large  steam  tiu-bine  driven  power  house  in  order  to  be  conclusive 
as  all  of  the  destructive  power  in  such  short  circuits  was  fotmd  to 
be  due  to  the  stored  energy  in  the  generator  and  none  of  it  to  the 
amount  of  steam  back  of  the  turbine.  The  tests  and  investiga- 
tions described  principally  in  the  paper  by  Messrs.  Schuchardt 
and  Schweitzer  can,  therefore,  now  be  continued  in  the  test 
rooms  of  manufacturers  as  a  large  generator  brought  up  to  speed 
slowly  by  a  comparatively  small  motor  or  prime  mover  will 
answer  equally  as  well  for  further  experimentation  and  at  very 
much  less  risk  and  expense. 

C.  P.  Steinmetz:  In  concluding  I  wish  to  say  that  the  oil 
circuit  breaker  is  one  of  the  most  common  and  most  important 
pieces  of  apparatus,  and  at  the  same  time  its  method  of  opera- 
tion is  least  imderstood  by  most  engineers,  and  modifications  of 
it  are  still  continually  suggested,  based  on  theoretical  considera- 
tions, largely  erroneous.  We  must  realize  that  the  operation 
of  the  oil  circuit  breaker  is  not  based  on  any  oil  circulation,  but 
is  based  on  the  control  of  the  explosive  forces  developed  at  the 
break,  for  extinguishing  the  arc,  and  you  can  easily  realize,  then, 
that  the  concentric  gun  barrel  type  of  switch  has  advantages 
which  no  other  type  has  as  yet  been  able  to  approach. 

Regarding  the  induction  generator,  I  have  always  been  very 
much  in  favor  of  it,  and  I  believe  it  is  a  very  useful  machine; 
and  in  a  central  station  having  an  exces^ve  momentary  short 
circuit  current,  the  addition  of  the  induction  generator  reduces 
the  percentage  of  short  circuit  current,  since  this  machine 
does  not  add  to  the  short  circuit  current.  But  you  must  realize 
that  you  could  get  the  same  effect  by  using  generators  with 
lower  regulation.     Thus,  if  you  consider  the  station  as  a  whole, 
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there  is  little  difference  between  a  synchronous  generator  sta- 
tion and  an  induction  generator  station,  regarding  the  momen- 
tary short  circuit  current.  Every  station  depends  in  its  excita- 
tion on  an  independent  direct  current  excited  field,  in  one  case 
the  synchronous  alternator  field,  in  the  other  case  the  syn- 
chronous motor  field,  which  gives  excitation  to  the  induction 
generator.  If  you  use  for  the  excitation  of  the  induction  gen- 
erator station  the  converters,  synchronous  motors,  and  fre- 
quency changers  scattered  over  the  system,  as  these  are  slow 
speed  machines  of  low  momentary  short  circuit  current,  you  can 
materially  reduce  the  short  circuit  cmrent,  but  you  throw  the 
control  of  the  system  away  from  the  generator  station  into  the 
hundred  or  more  isolated  machines,  all  of  which  combine  in 
controlling  the  generating  station,  and  that  is  not  practicable. 
If  you  have  synchronous  motor  exciters  floating  on  the  system 
at  the  induction  generator  station,  economy  requires  just  as 
high  speed  machines  as  our  present  synchronous  turbo-alter- 
nator, that  is,  machines  with  just  as  high  momentary  short  cir- 
cuit cmrent,  and  you  gain  practically  nothing;  and  therefore, 
while  the  induction  generator  is  a  very  valuable  machine  in  many 
instances,  the  problem  of  momentary  short  circuit  current  is  not 
solved  by  it.  The  main  field  for  the  induction  generator,  in 
my  mind,  is  in  the  secondary  generating  stations  of  hydroelectric 
systems,  as  it  becomes  possible  thereby  to  control  voltage,  load 
and  frequency  of  the  system  from  a  few  main  generating  systems ; 
the  installation  control  and  operation  of  the  smaller  induction 
generator  stations  becomes  greatly  simplified,  and  it  becomes 
feasible  to  utilize  smaller  water  powers,  which  could  not  be 
economically  developed  by  synchronous  machinery. 

The  last  point  I  wish  to  bring  up  is  the  question  of  internal 
reactance  as  against  separate  reactance  in  the  generator.  That 
is  a  question  which  needs  no  further  discussion,  but  is  ancient 
history.  The  development  of  the  generating  station  has  long 
advanced  beyond  it.  We  know  we  must  have  power  limiting 
reactance  in  the  individual  generator,  and  it  is  merely  a  construc- 
tive question — a  question  of  design,  whether  we  put  it  inside  the 
alternator  or  outside  of  it,  or  whether  we  make  the  most  eco- 
nomical combination  possible,  put  into  the  machine  as  much 
reactance  as  possible  without  sacrificing  the  quality  of  the  ma- 
chine, and  then  put  the  rest  of  it  outside  of  the  machine. 

But  even  if  we  had  generators  with  a  momentary  short  circuit 
current  five  or  six  times  full  load  cmrent,  that  would  not  solve 
the  question  of  the  operation  of  the  present  systems,  because  if 
the  system  is  large  enough,  100.000,  200,000  or  500,000  kw.,you 
reach  a  limit  where  the  operation  becomes  unsafe,  even  with  power 
limiting  generator  reactances. 

That  is  where  the  development  has  arrived,  to  put  power 
limiting  reactances  in  the  bus-bars.  This  is  really  the  most 
essential  advance.  In  the  last  few  years  we  have  come  to  larger 
and  larger  systems,   and  consequently  greater  difficulties  of 
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aeration.  Apparatus  which  was  satisfactory  in  a  50,000-kw. 
ation  became  unsuited  to  the  operation  of  a  100,000-kw. 
ation,  and  apparatus  which  had  been  employed  in  a  100,000- 
V.  station  will  become  inoperative  at  500,000  kw.  That  was 
)t  the  case  in  the  old  Edison  direct  current  system.  There,  if 
>u  joined  generating  stations  together,  there  was  no  material 
crease  of  danger,  no  decrease  of  safety,  because  the  whole 
stem  was  limited  by  the  resistance  of  lines  and  feeders.  Thus 
e  effect  of  a  short  circuit  was  practically  the  same,  whether  the 
ation  was  alone,  or  other  stations  were  tied  to  it;  that  is,  there 
IS  that  feature  that  the  danger  did  not  increase  with  thein- 
ease  of  the  system.  That  is  the  most  important  featiwe  which 
odem  development  has  arrived  at  in  these  alternating  current 
stems,  that  by  breaking  up  the  bus-bars  and  tie-f^ders  by 
actances,  the  danger  and  difficulty  of  operation,  the  strain 

switches  and  apparatus,  does  not  increase  with  any  further 
crease  of  the  system,  and  the  100,000-kw.  system  is  just  as  safe 

dangerous  as  the  same  system  will  be  if  extended  to  500,000 
600,000  kw.  capacity.  That  is  the  great  development  beyond 
e  power  limitation  of  the  generator — the  use  of  power  limiting 
actances  in  the  bus-bars,  which  makes  an  unlimited  extension 

the  system  possible  without  any  increase  of  danger. 


Digitized  by 


Google 


Digitized  by  VjOOQIC 


A  paper  presenUd  at  the  2Sik  Annual  Conwtntion 
fl/  the  American  InsHtuU  of  Electrical  Engi- 
neers, Chicago,  June  27.  1911. 

Copyright  1911.      By  A.  I.  B.  E. 


RESPONSIBILITIEvS  OF  ELECTRICAL  ENGINEERS  IN 
MAKING  APPRAISALS 


BY  H.   M.   BYLLESBY 


In  approaching  this  highly  involved  subject,  I  desire  to  call 
your  attention  to  the  wonderful  achievements  of  our  profession. 
Broadly,  our  profession  is  little  more  than  thirty  years  old.  It 
is  true  that  telegraphy  in  its  various  applications  and  other 
similar  branches  had  reached  a  great  development  at  the  date  I 
consider  as  having  been  that  of  the  birth  of  the  electrical  engi- 
neering profession  in  its  modem  sense.  It  is  also  true  that  the 
telephone  at  that  time  had  come  into  existence  as  an  achieved 
invention,  but  it  was  then  purely  an  invention  and  lacking  in  the 
vast  refinements  and  additions  which  have  made  it  the  huge 
engine  of  commerce  and  intimate  feature  of  our  modem  life  to- 
day. In  the  brief  period  of  from  thirty  to  thirty-four  years,  the 
profession  of  electrical  engineering  as  applied  to  the  generation, 
the  transportation  and  the  utilization  of  large  quantities  of 
electricity  has  come  into  existence. 

In  that  brief  period  the  wonderful  achievements  of  electrical 
engineering,  as  just  defined,  have  been  accomplished.  In  the 
broadest  sense  of  the  term  this  development  has  required  the 
creation  of  a  new  art.  From  the  electrical  generators  of  the 
Commonwealth  Edison  Company  of  Chicago,  which  are  this 
evening  furnishing  the  light  and  much  of  the  stationary  power 
and  the  bulk  of  the  power  for  the  movement  of  the  intramural 
transportation  of  our  great  city,  with  a  capacity  of  30,000  h.p. 
per  generator,  to  the  generator  of  30  or  34  years  ago  with  a 
capacity  of  50  h.p.  is  a  far  cry  and  a  long  distance. 

The  electrical  transmission  systems  of  thirty  years  ago  com- 
prised at  best  a  few  miles  for  supplying  arc  lamps  and  maximum 
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distances  of  about  a  mile  used  in  the  infant  industry  of  lighting 
by  incandescent  lamps.  To-day,  transmission  lines  of  over  200 
miles  are  not  uncommon. 

At  the  birth  of  our  profession  probably  the  largest  steam 
engine  did  not  exceed  an  indicated  capacity  of  2,000  to  2,500  h.p. 
and  engines  of  that  capacity  were  extremely  rare  and  confined 
almost  exclusively  to  slow  moving  pumping  operations.  To-day 
we  have  reciprocating  engines  driving  electrical  generators  of 
10,000  h.p.  capacity  and  steam  turbines  driving  electrical  gen- 
erators of  30,000  h.p.  Probably  these  sizes  will  be  exceeded  in 
the  not  distant  future.  I  am  calling  your  attention  to  this 
wonderful  development;  this  creating  of  a  new  art  and  the  at- 
tendant collateral  developments  of  the  subsidiary  machinery  and 
materials  required,  for  the  purpose  of  emphasizing  the  points 
which  I  wish  to  discuss  very  seriously.  Among  other  achieve- 
ments, directly  or  indirectly,  of  our  profession  has  been  the  great 
development  of  the  water  wheel.  It  is  probable  that  thirty  years 
ago  there  was  no  water  wheel  in  existence  which  developed 
substantially  more  than  500  h.p.  To-day  water  wheels  are  in 
operation  developing  upwards  of  15,000  h.p.  for  the  purpose  of 
driving  electrical  generating  machinery. 

Along  with  the  achievements  of  our  profession  and  taking  its 
inspiration  therefrom,  and  being  forced  thereto  by  our  demands, 
has  been  a  contemporaneous  development  of  machine  shop 
practice  and  machine  tools.  To-day  there  is  a  condition  of  ac- 
curacy, a  necessity  of  working  to.microscopic  measurements  and 
a  machine  shop  practice  which  did  not  exist  before  we  required 
it  and  which  I  believe  would  not  have  existed  today  excepting  to 
fulfill  our  exacting  needs. 

Likewise  the  foundry  of  today  is  producing  steel  and  iron  and 
bronze  castings  in  quality,  in  size  and  in  accuracy — all  forced 
upon  them  by  the  advances  of  the  electrical  engineers'  profes- 
sion. The  entire  practice  of  hydraulic  engineering,  if  not  revo- 
lutionized, has  been  thrown  forward  by  leaps  and  bounds  by 
the  requirements  of  the  electrical  engineers  in  the  useful  develop- 
ment of  water  powers  for  the  purpose  of  generating  electricity. 

Along  with  this  has  gone  the  scientific  and  painstaking  study 
of  rainfall,  of  runoff,  of  careful  detail  investigation  of  natural 
precipitation  through  rain  and  snow  fall,  the  action  of  ice  in  its 
various  forms,  the  action  of  melting  snoy/  and  the  control,  as  far 
as  humanly  possible  and  on  a  wider  scale  than  ever  dreamed  of  in 
the  past,  of  the  Titanic  forces  of  nature  in  swollen  streams,  floods 
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and  doudbiirsts.  Storing  water  in  reservoirs  for  the  purpose  of 
utilizing  the  stored  or  flood  water  at  low  water  periods  of  the 
stream  and  the  development  of  the  reservoir  on  a  scale  heretofore 
unheard  of  have  all  been  ancillary  to  the  brains,  the  genius,  the 
achievement  of  the  men  of  our  profession.  The  development  of 
electric  engineering  has  been  a  continued  series  of  advances,  step 
by  step  and  leap  by  leap.  There  has  been  more  obsolescence  and 
more  retirement  of  electrical  machinery  and  tools  and  devices 
far  in  advance  of  their  natural  life,  due  to  the  continuing  improve- 
ment, than  has  taken  place  in  the  history  of  or  the  development 
of  any  other  art.  The  duties  of  the  electrical  engineer  have 
been  more  eclectic,  and  I  believe  more  exacting  than  those  of 
any  other  profession. 

A  famous  man  of  the  world  is  said  to  have  remarked  during 
the  most  glorious  period  of  the  administration  of  the  elder  Pitt 
that  **  one  had  to  look  into  the  Gazette  each  morning  to  keep 
pace  with  the  victories  won."  In  our  profession  one  has  to  read 
the  daily  press  and  carefully  study  the  columns  of  the  technical 
press  to  at  all  keep  pace  with  the  new  developments,  the  new 
achievements  and  the  new  victories  of  the  profession  from  which 
we  all  mitke  our  livelihoods.  This  tremendous  growth  from  the 
dynamo  of  50  h.p.  to  the  generator  of  30,000  h.p.;  from  the  in- 
candescent lamp  as  a  luxurious  curiosity  to  the  incandescent 
lamp  which  is  as  much  a  feature  of  our  modem  civilization  as  our 
running  water;  from  the  transmission  distances  of  a  mile  or  two 
to  transmission  distances  of  200  miles;  from  the  electric  motor 
existing  as  a  laboratory  toy  to  the  electrical  motor  of  universal 
use  and  of  10,000  to  15,000  h.p.  has  taken  place  within  the  span 
of  years  conventionally  covered  by  the  term  a  **  generation.'* 
It  has  been  achieved  within  the  lifetime  of  most  of  the  members 
present  and  it  has  occurred  since  the  young  manhood  of  many  of 
us. 

This  is  in  truth  a  wonderful  accomplishment.  All  who  have 
contributed  to  it  can  justly  take  pride  in  the  fact.  It  is  probable 
the  annals  of  civilization  do  not  contain  a  parallel,  but  along  with 
this  proper  pride,  with  the  feeling  of  well  merited  satisfaction, 
let  us  not  forget  that  collaterally  and  a  part  of  it,  something  with- 
out which  it  could  not  have  taken  place,  has  been  the  work  of  the 
promoter  and  the  banker.  No  new  industry  can  be  established, 
or  when  established  can  continue,  and  no  art  can  grow  to  the  di- 
mensions of  ours  without  the  continued  presence  of  the  individual 
who  supplies  the  capital,  the  money,  the  financial  resource  to  the 
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inventor  and  the  engineer.  Large  and  continuing  supplies  of 
capital  arejrequired  for  research,  for  producing  inventions,  for  the 
carrying  out  of  the  inventions  and  the  development  through  their 
period  of  indpiency,  of  temporary  failures  and  disappointments. 

It  is  probable  that  thirty-four  years  ago  there  was  not  to 
exceed  $1,000,000  invested  in  every  feature  and  part  of  this  art, 
and  today,  taking  the  entire  civilized  world,  and  in  the  absence 
of  statistics,  I  believe  that  several  billions  of  dollars  would  be 
short  of  the  amotmt  of  capital  invested  in  manufacturing  plants, 
in  generating  stations,  distribution  systems,  water  powers,  trolley 
roads,  motors  and  subsidiary  details  employed  in  the  business 
which  has  been  produced  by  electrical  engineers  and  the  promoter 
and  capitalist  working  hand  in  hand  and  together  during  approxi- 
mately a  generation. 

I  think  we  should  seriously  consider  this  fact;  that  we  should 
give  to  the  promoter,  to  the  capitalist,  to  the  man  who  is  able  to 
influence  capital  and  to  place  it  at  the  disposal  of  the  men  of  our 
profession,  the  credit  that  is  properly  due  him.  The  achievement 
of  the  electrical  engineer  would  not  have  been  possible  if  it  had 
not  been  for  the  presence  of  the  man  with  money  who  believed 
in  the  commercial  possibilities  of  our  art  as  from  time  to  time 
developed  and  who  produced  the  capital  with  which  to  continue 
the  development  of  that  art.  I  am  entirely  confident,  although 
it  is  a  matter  purely  of  conjecture  and  not  susceptible  of  direct 
proof,  that  inventions  as  great  as  any  which  have  revolutionized 
the  world  have  died,  have  never  been  heard  from  because  the 
much  abused  capitalist  was  not  on  hand  to  stand  behind  the 
inventor  during  his  period  of  discouragement  and  disaster.  I 
believe  many  other  worthy  inventions  and  developments  have 
attracted  no  great  notice,  have  not  accomplished  their  destiny 
because  of  the  absence  of  the  man  or  corporation  with  both 
faith  in  the  invention  and  the  means  of  producing  the  capital  to 
develop  it. 

Our  profession  has  indeed  been  fortunate  in  having  had  asso- 
cited  with  it  from  its  inception  men  who  were  sufficiently  intelli- 
gent, courageous  and  far-sighted  to  see  the  merit  of  the  inventions 
and  developments  which  from  time  to  time  were  produced  and 
who  had  withal  the  faith  and  the  ability  to  continue  to  stand 
behind  these  inventions  and  developments  with  their  capital 
during  that  period  which  we  all  know  has  taken  place,  when  these 
inventions  and  these  developments  were  under  criticism,  tem- 
porary failure  and  while  only  disappointing  results  were  being 
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reached.  During  this  period  of  disappointment,  of  hazard, 
during  this  period  of  modifications  from  the  original  plans  and 
disappointments  and  changes,  the  man  or  corporation  with 
money  was  present  to  tide  the  infant  invention  or  industry  over 
the  shoals  and  hazards  which  surrounded  it,  and  except  for  the 
presence  of  men  of  the  type  of  which  I  am  speaking,  with  their 
courage,  their  faith,  and  their  capital,  many  of  the  inventions 
and  developments  of  our  profession  would  have  been  in  the 
grave  of  permanently  disappointed  hopes  and  non-fulfillment. 

Today  our  art  is  developed.  The  product  of  the  brains  of  the 
electrical  engineer  are  so  well  known,  their  conmiercial  utility  is 
so  thoroughly  established,  particularly  in  the  principal  lines  of 
our  achievements  as  to  lead  us  to  be  forgetful  perhaps  of  that 
period  which  the  older  ones  of  us  recollect  so  clearly.  This 
period,  due  partly  to  the  crudity  of  our  own  devices  and  the 
undeveloped  condition  of  our  own  inventions,  due  partly  to  the 
unstable  condition  of  the  collateral  features  upon  which  we  de- 
pended such  as  steam  engines,  boilers,  water  wheels  and  manu- 
factured articles,  was  a  period  attended  with  heart-breaking 
anxieties  not  only  to  the  inventor  and  engineer,  but  do  not  forget 
that  it  was  also  a  period  of  heart-breaking  anxieties  and  disap- 
pointments to  the  man  who  had  invested  his  capital  in  those 
things. 

As  I  look  back  over  the  sweep  of  30  to  34  years  and  from  the 
standpoint  of  maturity  which  comes  with  middle  age,  and  long 
experience,  it  is  a  continuing  marvel  to  me  that  in  spite  of  the 
perpetual  disappointments  and  the  hazards  pertaining  to  this 
business,  capital  was  found  to  proceed  with  the  development  of 
the  art,  and  in  all  fairness  as  I  look  back  over  this  period,  the  ad- 
miration I  feel  for  the  inventor  and  the  engineer,  the  pride  I  take 
in  their  achievements  is,  in  my  own  mind,  shared  with  the  coturage 
and  faith  and  enterprise  of  the  men  of  capital  who  stood  by  us 
and  our  operations  during  those  trying  times. 

Today  there  is  a  world  of  discussion  regarding  the  value  of  a 
franchise,  the  terms  of  a  franchise,  the  privileges  it  affords,  the 
obligations  it  carries  and  the  fraud  which  in  the  minds  of  the 
public  is  supposed  always  to  be  inseparably  connected  with  any- 
thing bearing  that  name.  There  is  much  comment,  nearly 
always  unfavorable,  regarding  the  conditions  under  which  fran- 
chises for  electric  light,  trolley  roads  arid  power  transmission 
companies  have  been  issued.  If  those  who,  probably  with  the 
best  intentions  possible,  are  criticising  these  matters  had  gone 
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through  the  experience  of  the  earlier  days,  they  would  change 
their  opinions.  In  the  full  blaze  of  the  glorious  noon  in  which 
we  now  find  ourselves  in  our  profession  it  may  be  difficult  but 
it  should  not  be  impossible,  to  turn  our  gaze  backward  to  the 
eariy  struggling  days  of  this  art,  and  I  believe  that  by  doing  so, 
a  more  just  view  of  the  situation  will  result. 

In  those  days  franchises  were  given  freely.  Any  one  who 
applied  for  a  franchise  would  receive  it  and,  as  a  rule,  without 
burdensome  restrictions.  The  community  which  was  favored  by 
having  capital  build  for  its  service  an  electric  light  plant  to  fur- 
nish what  they  believed  to  be  a  Itixury  and  which  otherwise  they 
would  not  have  had,  or  a  community  which  was  favored  by  a 
company  who  in  rettim  for  a  franchise  wotdd  spend  the  money 
necessary  to  change  the  cruel  and  totally  inadequate  intramural 
animal  transportation  of  that  town  or  city  to  an  electric  trans- 
portation system  was  properly  and  deservedly  welcome.  The 
only  feeling  on  the  part  of  the  citizens  of  that  community  or  the 
governing  body  issuing  that  franchise  was  one  of  thankfulness 
that  the  electric  light  or  trolley  line  was  to  be  given  them  and  one 
of  pity  for  the  individual  or  corporation  who  was  so  foolish 
as  to  invest  capital  in  such  hazardous  enterprises.  The  same 
remarks  apply  to  the  development  of  water  power.  These 
streams  were  not  fully  developed.  Some  were  developed  for 
mills,  but  generally  for  usage  only  during  the  daytime  and  far 
below  the  capacity  of  the  stream. 

Until  recently  the  laws  governing  the  ownership  of  the  power 
in  the  stream  were  believed  to  be  pretty  fairly  understood  along 
the  lines  handed  down  from  our  Anglo-Saxon  ancestors.  The 
company  or  individual  who  came  into  the  community  and  pro- 
duced the  capital  to  develop  these  streams  was  royally  welcome 
and  he  was  viewed  generally  with  some  wonderment  regarding 
his  financial  obliquity,  as  in  the  case  of  the  individual  or  corpora- 
tion building  the  electric  light  plant  or  the  trolley  road.  If  a 
brief  and  unprejudiced  study  is  made  of  the  history  of  these 
earlier  electric  light,  trolley  and  water  power  companies,  it  will 
be  impossible  to  depart  from  the  conviction  that  the  persistence 
and  courage  of  the  promoter  and  capitalist  who  carried  them 
through  their  -earlier  periods  of  disaster  and  lack  of  credit  is 
quite  as  notable  an  achievement  as  that  of  the  inventors  and  engi- 
neers who  produced  the  physical  and  scientific  part  of  these 
enterprises. 

This  enterprise  and  this  courage  which  heretofore  has  been 
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wisdy  fostered  by  the  commonwealth  has  given  the  United 
States  of  America  the  most  universally  extended,  the  best 
operated  public  utility  plants  in  the  world.  In  the  vast  ma- 
jority of  cases  the  service  rendered  by  the  corporations  is  fur- 
nished to  the  public — ^with  superior  service  with  its  wide  ex- 
tensions— at  less  cost  than  in  any  other  country.  Various  con- 
tributing causes  have  produced  this  result.  Among  these 
causes  has  been  the  natural  inherent  courage  and  enterprise  of 
the  American.  In  addition  to  this,  however,  have  been  the 
liberal  franchise  grants  issued  in  the  past  and  the  freedom  from 
onerous  restrictions  both  for  occupancy  of  streets  and  the  pur- 
chase and  development  of  water  powers.  A  broad  and  liberal 
construction  which  has  justified  the  issuance  of  stock  which 
would  eventually  pay  to  the  projectors  and  developers  of  these 
enterprises  when  they  became  successful  something  in  addition 
and  beyond  a  mere  fair  interest  return  on  their  investment  has 
also  had  a  profotmd  influence  upon  giving  to  our  country  the 
best  utility  corporations  of  the  world.  Without  these  features 
this  development  with  its  low  charge  to  the  public  could  not  have 
taken  place.     Due  to  these  features  it  has  taken  place. 

Throughout  the  older  settled  sections  of  our  country  scarcely 
a  hamlet  is  without  electricity  for  lighting  and  power  and  large 
sections  of  our  farming  and  ranching  lands  are  equally  supplied. 
Due  to  the  liberal  policies  in  the  past  which  allowed  a  reward  to 
recompense  the  hazards  and  the  courage  when  such  hazard  and 
courage  had  passed  its  period  of  financial  loss,  we  have  as  a  result 
in  this  country  steam  railroads,  telegraph  lines,  telephone  lines 
and  gas  service  which  in  excellence  of  service,  the  extent  of  the 
service,  and  the  price  charged  for  such  service  are  not  equalled  in 
the  world.  These  broad  and  fair  policies  in  the  past  have  justi- 
fied the  public  service  corporations  in  extending  their  operations, 
properly  expecting  as  a  result  of  employing  additional  capital  and 
as  a  compensation  for  the  risks  incurred  in  pledging  their  credit 
and  the  credit  of  the  individuals  behind  these  corporations,  to 
receive  an  accruing  profit  when  their  enterprise  and  courage  had 
been  justified  by  results,  the  companies  uniformly  lowering  from 
time  to  time  the  charge  made  for  their  service.  No  fault  was 
found  with  the  increasing  returns  upon  the  capital  invested  for 
the  purposes  and  under  the  circumstances  set  forth,  if  at  the 
same  time  the  rates  for  service,  which  were  already  fair  as  com- 
pared with  any  other  country,  were  being  lowered. 

In  this  way  communities  throughout  our  coimtry  are  today 
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served  with  public  utility  commodities  at  an  actual  loss  to  the 
companies  serving  them.  These  communities  pay  no  more  for 
the  commodity  of  the  public  service  corporation  than  the  thickly 
settled  communities,  the  companies  operating  this  service  having 
been  heretofore  justified  in  providing  the  capital  and  extending 
their  plants  into  non-productive  fields,  standing  the  immediate 
loss  resulting  from  this  policy  in  consideration  of  an  ultimate 
profit  when  their  brains  and  energy  and  courage  had  been  justified 
(if  it  was  justified)  by  the  upbuilding  of  these  communities  and 
the  properly  resulting  profits  then  accruing.  Bear  in  mind,  as 
previously  stated,  that  in  the  entire  history  of  public  service 
corporations  in  this  country  there  has  been  heretofore  a  continu- 
ous lowering  of  the  price  charged  for  the  commodity  or  service 
rendered  to  the  public  with  the  sole  exception  of  the  trolley  roads, 
which  started  with  a  price  to  the  public  for  service  rendered 
which  could  not  possibly  be  lowered  and  it  is  believed  in  many 
cases  cannot  be  continued. 

Abuses  have  taken  place  in  the  past  on  the  part  of  the  corpora- 
tions, on  the  part  of  the  public  served  by  the  corporations  and  on 
the  part  of  the  legislative  and  law  administering  bodies.  At  the 
present  time  my  opinion  is  that  both  the  public  and  corporation 
are  reaching  a  common  meeting  ground,  requiring  public  service 
corporations  to  be  protected  and  regulated  monopolies;  these 
corporations  to  be  governed  as  to  their  rates  and  to  be  protected 
from  competition  by  so-called  **  public  service  commissions." 
With  this  doctrine  as  such,  the  public  service  engineer  and  opera- 
tor has  no  quarrel.  We  do  file  a  plea,  however,  that  these  public 
service  commissions  be  composed  of  men  of  character,  men  of 
ability,  men  who  have  accomplished  something  in  the  world;  that 
these  commissions  be  composed  of  men  who  while  fair  and  upright 
are  conversant  with  the  business  which,  under  the  laws  governing 
their  action,  they  are  controlling. 

The  abuses  which  have  undoubtedly  takein  place  in  the  dealings 
between  the  municipal  bodies  and  the  public  service  corporations 
have  been  as  distasteful  to  the  corporations  as  to  the  public,  and 
the  cry  of  the  corporations  is  for  a  fair  hearing,  for  an  intelligent 
hearing,  for  fair  recognition  of  the  benefits  they  have  conferred 
and  a  demand  to  be  relieved  from  the  hardships  and  frauds 
which  in  many  cases  they  have  suffered  at  the  hands  of  politicians 
a  partially  educated  public  sentiment  and  the  municipal  govern- 
ing bodies.  It  is  believed  that  properly  constituted  public 
service  commissions,  appointed  for  **  good  behavior,"  composed 
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of  high-class  men,  stdtably  paid  and  operating  under  broad  and 
liberal  laws,  will  accomplish  this  much-to-be-desired  object. 

Granted,  as  I  believe  it  must  be,  that  the  foregoing  is  a  candid 
statement  of  the  situation,  the  public  should  recognize  that  the 
so-called  public  service  corporations  should  be  encouraged  and 
fostered  instead  of  being  strangled  and  discouraged.  The  widest 
latitude  should  be  afforded  the  operations  of  public  service  cor- 
porations under  monopoly  and  protection,  and  fair  laws  adminis- 
tered by  conservative  and  able  public  service  commissions. 

Coming  now  specifically  to  the  subject  of  my  paper,  the  elec- 
trical engineer  must  recognize  that  in  addition  to  the  multipli- 
city of  duties  he  has  been  called  upon  to  discharge,  he  is  now  con- 
fronted with  a  new  class  of  responsibilities  from  which  he  cannot 
shrink.  To  these  responsibilities  he  must  give  the  best  that  is  in 
him  of  experience,  of  fair  mindedness,  of  wisdom  and  of  justice. 
In  the  world  at  large  and  particularly  in  the  United  States  we 
appear  to  be  in  the  midst  of  a  period  of  flux  and  change. 

Old  methods  and  old  standards  are  passing  away;  new  methods 
and  new  standards^are  demanded.  With  the  marvelous  progress 
of  the  civilized  world  since  the  last  great  economic  and  social 
changes,  it  will  be  a  shame  if  the  present  crisis  fails  of  a  solution 
more  rational  and  with  less  hardship  and  destruction  than  has 
attended  previous  solutions  of  economic  and  social  crises.  Out  of 
the  present  controversies  we  must  endeavor  manftdly  and  fairly 
to  bring  a  condition  of  justice  to  all  concerned  and  in  our  share  of 
duty  in  these  matters  we  must  make  every  effort  to  be  intelligent 
and  not  to  be  found  wanting  in  fair  dealing  and  honesty  between 
man  and  man,  between  corporations  and  the  public  and  between 
governing  bodies  and  corporations.  Principal  among  these  new 
respoiisibilities  which  are  being  rapidly  thrust  upon  our  profes- 
sion is  making  appraisals  to  determine  the  value  of  the  property 
of  a  public  service  corporation. 

These  values,  in  accordance  with  the  unmistakable  present 
trend  of  the  times,  are  to  be  made  a  basis  upon  which  or  from 
which  are  fixed  the  maximum  rates  which  these  corporations  are 
to  be  allowed  to  charge  for  service  rendered.  There  is  much 
discussion  taking  place  on  replacement  values,  reproduction 
values,  depreciation  values,  and  intangible  values.  In  the  ma- 
jority of  cases  the  property  to  be  appraised  represents  a  con- 
tinuing growth  or  a  construction  period  from  its  inception. 
Much  of  the  construction  work  we  are  called  upon  to  value  is 
cohcealed  from  view,  such  as  foundations  of  buildings,  founda- 
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tions  for  machinery,  submerged  protions  of  hydraulic  construc- 
tion, conduit  systems  and  gas  pipes.  In  every  case  the  struc- 
tures or  plants  have  been  built  in  what  is  conventionally  termed 
a  "  piecemeal  "  fashion.  Almost  every  public  service  corpora- 
tion has  started  from  a  small  beginning  and  added  to  its  plant 
continuously,  and  the  finished  structure  today  represents  con- 
struction work  which  has  been  continued  from  the  time  the 
original  property  was  created.  In  meeting  the  questions  which 
the  spirit  of  the  times  is  demanding  answers  to,  very  properly 
a  demand  is  made  by  all  parties  to  the  controversy  that  absolute 
and  entire  frankness  and  complete  candor  pervade  the  negotia- 
tions. Properly  a  period  has  been  put  to  the  practice  of  dis- 
simulation and  trickery  and  misrepresentation  on  the  part  of  the 
public,  the  governing  body,  and  the  corporation.  From  a  long 
experience  I  can  state  for  my  part  that  trickery  and  dissimulation 
and  unfair  dealing  in  the  past  have  been  fully  as  great  on  the  part 
of  the  public  and  the  governing  bodies,  if  not  greater,  than  on  the 
part  of  the  corporations.  Following  this  proper  demand  for 
candor,  I  desire  to  call  the  attention  of  my  fellow  members  of 
the  American  Institute  of  Electrical  Engineers  to  the  painful  fact 
that  it  is  extremely  rare  for  a  professional  engineer  or  constructor 
in  any  branch  of  industry,  in  any  branch  of  construction,  to 
estimate  the  cost  of  such  construction  with  accuracy  and  that  the 
practically  tmiform  experience  has  been  that  all  such  estimates 
have  proved  woefully  less  than  the  cost  of  the  completed  project. 
I  believe  we  should  be  candid  and  frank  on  the  subject.  Every 
one  of  us  whose  duties  require  him  either  as  a  principal  or  in  an 
auxiliary  capacity  to  be  responsible  for  the  furnishing  of  capital 
to  build  any  given  public  service  construction  or  to  develop  any 
given  enterprise,  knows  ftdl  well  from  a  long  and  painful  ex- 
perience that  unless  he  provides  for  indefinite  excess  charges  or 
leaves  some  other  avenue  of  escape,  the  enterprise  or  construc- 
tion when  finished  will  be  burdened  with  a  floating  debt  which 
seldom  is  of  small  relative  proportion.  This  debt  is  the  difference 
between  the  estimated  cost  of  building  the  undertaking  and  the 
actual  cost  as  developed  after  the  event.  I  believe  there  has 
not  been  a  considerable  piece  of  public  service  construction  in 
recent  years  where  the  finished  cost  complete  has  not  overrun 
the  estimated  cost  by  a  minimum  in  a  few  cases  of  10  per  cent 
to  15  per  cent  to  a  maximum  in  a  majority  of  cases  of  a  dan- 
gerously large  percentage  which  not  infrequently  has  gone  to  an 
excess  cost  of  100  per  cent.     All  experienced  contractors  will 
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bear  out  the  statement  I  have  made.  The  comparatively  few 
contractors  who  finish  their  career  with  more  money  j;han  they 
started  with,  or  with  more  money  than  they  themselves  started 
with  and  without  leaving  their  banks  or  guarantee  companies 
in  the  lurch  have  an  experience  of  profit  and  loss,  the  loss  on 
one  job  the  profit  on  another.  These  men  have  learned  their 
lesson  and  today  they  will  only  with  the  greatest  reluctance 
take  a  contract  which,  under  an  enforceable  bond,  compels  them 
to  fully  complete  any  large  given  piece  of  work  for  a  given  sum 
of  money.  Where  they  are  forced  to  take  any  part  of  their 
contract  in  this  manner  they  very  properly,  I  think,  provide  for 
extras  at  a  given  rate,  expecting  that  their  loss  on  the  lump  work 
will  be  made  up  by  the  profit  from  the  extras.  This  is  too 
thoroughly  understood  to  admit  of  any  discussion. 

I  shall  not  attempt  to  go  into  detail  of  this  well-nigh  universal 
experience  of  underestimating.  A  large  total  excess  cost  of  a 
completed  undertaking  may  be  represented  by  a  small  overrun 
in  the  cost  of  the  purely  physical  construction  and  an  omission 
of  large  material  collateral  expenditures  which  are  part  and 
parcel  of  the  completed  project.  The  shortage  may  be  due  in. 
this  view  of  the  case  to  an  ignorance  on  the  part  of  the  indi- 
vidual furnishing  the  budget  to  be  provided;  ignorance  which 
results  in  overlooking  a  material  and  proper  part  of  the  cost  of 
the  completed  project  because  it  was  not  strictly  physical  con- 
struction. The  overrun  resulting  in  the  floating  debt  therefore, 
in  many  cases,  may  be  quite  largely  made  up  of  the  omission  of 
those  necessary  costs  which  in  the  discussions  of  the  times  are 
termed  "  intangible  values."  But  no  matter  in  what  direction 
the  shortage  occiu^,  no  matter  whether  on  the  strictly  physical 
part  of  the  construction  or  from  forgetf ulness  or  ignorance  of  the 
proper  costs  under  the  head  of  intangible  values,  the  facts  remain 
substantially  as  I  have  stated  in  my  premise. 

How  careful,  therefore,  how  fair  minded  and  liberal  should 
be  the  point  of  view  of  the  professional  engineer  in  appraising  the 
value  of  another  man's  or  another  corporation's  property  for  the 
solemn  and  serious  purpose  of  having  based  upon  his  appraisal 
the  return  which  that  man  or  that  corporation  is  to  be  allowed  to 
receive  upon  his  investment.  It  is  unfair  that  an  engineer  or 
appraiser  who  recognizes  at  the  bar  of  his  own  conscience  that  his 
own  estimates  have  been  uniformly  overrun  shotdd  make  his 
appraisals  without  taking  into  consideration  and  manfully  apply- 
ing to  his  estimate  his  own  factor  of  individual  inaccuracy,  his 
own  personal  factor  of  nearly  unfailing  underestimating. 


Digitized  by  VjOOQIC 


1262  B  YLLESB  Y:  A  PPRA  ISA  L$  (June  27 

If  the  profits  to  be  allowed  public  service  companies  were 
to  be  on  a»  broad  and  liberal  basis  this  feature  would  be  of  less 
importance.  The  spirit  of  the  times,  brought  around  partly  by 
mistakes,  by  selfishness,  by  unfairness,  on  the  part  of  all  parties 
to  the  contract,  the  tendency  of  the  times,  actuated  to  a  degree  by 
certain  irresponsible  magazine  writers,  magazines  and  papers, 
and  by  certain  politicians,  all  tend  to  reduce  the  return  of  the 
public  service  corporation  to  a  low  point.  At  best  it  would  indi- 
cate, allowing  the  public  service  corporation  after  paying  its 
operating  expenses  and  depreciation  charges,  a  distributable 
sum  equivalent  to  from  7  per  cent  to  a  possible  10  per  cent  upon 
its  reproduction  value,  the  higher  percentage  being  rather  hoped 
for  than  indicated.  It  becomes  plainly  evident,  therefore,  how 
grievous  a  hardship  may  be  worked  upon  corporations  if  the 
appraisal  of  their  property  is  as  much  below  the  real  value  of  their 
property  as  the  average  estimate  of  the  engineer  has  proven  in 
the  past.  I  think  the  situation  is  one  of  the  most  momentous 
which  confronts  our  profession  today.  A  large  part,  I  presume 
90  per  cent,  of  the  activities  of  our  profession  have  resulted  from 
the  continuing  growth  and  existence  and  development  of  public 
service  corporations.  If  these  corporations  through  under  ap- 
praisals or  drastic  regulations  are  discouraged  and  cease  their 
active  aggressive  growth  of  the  past  it  will  be  immediately  re- 
flected in  the  lessening  demands  made  for  the  services  of  the 
members  of  our  profession. 

Capital  is  a  peculiarly  mobile  commodity.  Capital  will  flow 
from  one  part  of  the  world  to  another  in  accordance  with  the 
inducements  which  are  offered  it.  Capital  will  leave  any  given 
field  with  great  speed  if  it  finds  that  it  is  receiving  an  unfair  or 
imjust  recompense  or  other  fields  offer  greater  inducements. 
Without  capital,  modem  enterprise  is  impossible.  The  most 
beneficial  use  of  capital  is  to  have  it  employed  in  developing  new 
enterprises,  extending  existing  enterprises  which  in  turn  develop 
and  add  to  the  wealth  of  the  communities  served.  In  our  extend- 
ing enterprises  we  afford  profitable  emplo5mient  for  increasing 
population  and  we  ameliorate  the  conditions  of  human  existence. 
The  profession  in  which  the  members  of  this  association  are  en- 
gaged could  not  exist  at  all  if  capital  withdrew  its  support  from 
enterprises  depending  upon  the  genius  and  ability  and  con* 
scientious  effort  of  the  electrical  engineer. 

I  urge  upon  all  of  you  to  carefully  consider  this  subject,  to 
avoid  the  influence  of  the  idea  that  the  professional  engineer  can 
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get  along  without  the  services  of  capital.  Capital  on  its  part 
must  treat  the  public,  the  laboring  man  and  the  professional  man 
with  fairness  and  liberality,  with  more  fairness  and  liberality 
than  it  has  in  the  past.  On  the  other  hand,  the  professional  man 
who  from  the  nature  of  his  calling  and  its  dignity  carries  a  large 
influence  in  the  community  in  which  he  operates  must  not  forget 
the  close  co-relation  between  brains,  labor  and  capital,  and 
neither  through  professional  indifference  or  professional  jealousy 
allow  himself  to  give  capital  an  unfair  hearing  or  an  unjust 
decision. 

We  must  avoid  the  fallacy  that  only  the  physical  portion  of  a 
corporation's  property  is  entitled  to  a  value,  a  fallacy  which  has 
led  many  engineers,  many  business  men  and  many  corporations 
to  disaster.  The  facts  being  that  beyond  the  naked  physical 
value  there  is  required  a  very  large  and  material  sum  to  change 
that  naked  inert  mass  of  physical  construction  into  a  live,  pro- 
gressive earning  entity.  The  onMssion  of  the  cost  of  making  a 
going  concern  in  addition  to  its  naked  physical  value  has  been 
the  root  and  cause,  in  my  judgment,  of  a  large  proportion  of  the 
disasters  which  have  overtaken  enterprises  in  the  field  in  which 
we  operate. 

These  remarks  and  more  to  the  same  effect  apply  to  the  ques- 
tion of  intangible  values  and  when  called  upon  to  deal  with  these 
matters  I  hope  the  fullest  consideration  will  be  given  to  them. 
These  intangible  values  generally  embrace  interest  during  con- 
struction, accidents  and  insurance  during  construction,  engi- 
neering charges,  supervision  charges,  and  they  should  include 
proportionately,  the  tremendously  large  sums  expended  by  public 
service  corporations  in  developing  the  business,  in  educating  the 
public,  and  producing  a  sale  of  their  commodity,  whose  reflex 
effect  in  subsequent  reduction  of  the  operating  charges  shotdd  be 
considered  as  proper  cost  in  the  value  of  the  property.  Further 
proper  charges,  of  an  absolutely  legitimate  nature,  to  the  in- 
tangible value  account  include  the  legal  expenses  of  organiza- 
tion and  of  putting  the  enterprise  on  its  feet,  the  discounts  on 
securities  sold  or  brokerage  paid  for  finding  of  the  capital  and 
particularly  in  the  case  of  the  older  companies,  the  large  sums 
spent  in  absolute  good  faith  in  what  was  really  a  period  of  ex- 
perimenting to  obtain  the  best  apparatus,  the  best  systems,  and 
methods  adapted  to  the  requirements  of  the  company  happening 
to  be  in  question.  Due  regard  should  always  be  given  to  the 
added  cost  of  piecemeal  construction  which  has  been  an  un- 
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failing  incident  of  all  of  these  corporations.  In  all  fairness  it 
should  include  the  losses  due  to  obsolescence  and  the  discarding 
of  workable  machinery  long  before  its  life  had  been  exhausted, 
this  discarding  being  for  the  purpose  of  keeping  pace  with  the 
times  and  in  the  last  analysis  for  the  better  serving  of  the  public. 

There  is  a  tendency,  I  hope  a  diminishing  tendency^  to  be  un- 
fair to  public  service  corporations  and  to  be  entirely  oblivious  of 
the  hazards  and  risks  they  have  incurred  in  the  building  of  their 
business  and  to  be  forgetful  of  the  profound  importance  and  great 
benefit  they  have  been  to  the  communities  they  serve. 

A  recent  example  and  a  very  pertinent  one  of  this  tendency 
to  be  unfair  has  occurred  in  the  appraisal  of  the  value  of  one  of  the 
largest  utilities  in  a  large  western  city.  The  appraisal  was  for 
the  purpose  of  determining  the  proper  reproduction  or  replace- 
ment value  of  this  utility.  The  formula  was  rather  clearly 
understood  as  pertained  to  the  physical  property,  deductions 
were  to  be  made  and  were  made  for  the  accrued  depreciation, 
allowances  were  made  for  what  had  evidently  been  unusually 
expensive  piecemeal  construction  and  matters  of  that  descrip- 
tion, the  theory  being  that  as  regarded  the  physical  value  of  this 
property,  its  appraised  value  would  represent  what  it  would 
cost  to  reproduce  the  property  in  its  present  condition. 

In  general  this  formula  was  carried  out  fairly  until  it  was  found 
that  a  material  part  of  the  distributing  system  of  this  company 
was  now  imder  paved  streets,  but  that  due  to  the  enterprise  or 
necessity  of  the  company  in  the  past  a  part  of  its  underground 
system  had  been  placed  in  the  streets  in  question  before  they 
were  paved;  that  is,  the  paving  above  this  underground  system  on 
a  material  portion  of  the  company's  property  had  taken  place 
after  its  distribution  system  was  in  the  ground.  The  ruling  of 
the  body  making  this  appraisal  was  that  this  company  was  not 
entitled  £is  a  part  of  its  value  to  the  cost  it  wotdd  have  been  put 
to  of  placing  this  distribution  system  under  the  paved  streets 
and  the  difficulty  of  sustaining  this  ruling  is  plainly  evident 
from  the  fact  that  wherever  this  company  has  put  its  distributing 
system  underneath  paved  streets  or  where  it  is  doing  it  today, 
the  cost  of  that  paving  has  applied  to  this  company  and  is  al- 
lowed as  a  part  of  the  value  of  its  plant.  It  would  be  hard  to 
conceive  of  a  more  direct  effort  to  discourage  enterprise  than 
this  particular  ruling.  If  the  company  had  waited  to  put  all  of 
its  distributing  system  under  the  paved  streets  until  the  paving 
was  down  and  had  then  ripped  it  up  and  buried  its  distributing 
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system  it  would  have  been  allowed  the  cost  of  taking  up  and 
replacing  the  paving.  Because  it  did  it  in  advance  it  was 
not  allowed  that  cost.  This  particular  city  is  far  better  off  from 
the  course  which  that  company  pursued  because  its  pavement 
over  that  particular  portion  of  the  distributing  system  was  not 
injured  by  being  taken  up  to  put  the  distributing  system  under- 
neath it. 

We  all  believe  we  are  approaching  a  far  better  understanding 
between  all  parties  concerned  on  these  questions  than  has  existed 
in  the  past.  The  effort  of  all  of  us  must  be  by  conscientious 
effort,  by  candor  and  sincerity  to  bring  around  this  better  condi- 
tion. However,  with  the  tendency  of  the  governing  bodies  to 
make  decisions  such  as  I  have  just  referred  to,  how  extremely 
important  it  becomes  for  the  engineer  entrusted  with  the  making 
of  an  appraisal  to  be  sure  that  he  has  not  underestimated,  to  be 
sure  that  so  far  as  his  intelligence  and  authority  go  he  gives  to 
the  property  imder  consideration  the  benefit  of  all  the  value  he 
believes  it  is  entitled  to,  both  physical  and  intangible. 

In  closing  I  desire  to  urge  upon  all  of  you  a  sense  of  the  re- 
sponsibilities now  being  thrust  upon  us;  to  urge  upon  you  a  sense 
of  the  dignity  of  our  calling,  and  to  express  the  hope  that  with 
the  unusual  opportunities  possessed  by  the  members  of  this  or- 
ganization for  forming  a  basis  for  a  proper  measure  of  the  ques- 
tions of  values;  that  we  approach  these  subjects  with  high 
intelligence,  with  a  profound  sense  of  the  responsibilities  resting 
upon  us  and  with  appreciation  of  the  factithat  in  the  combination 
of  capital,  the  public  and  professional  engineers,  no  hardship 
can  be  worked  to  any  one  of  the  three  without  inevitably  pro- 
ducing its  full  quota  of  disaster  to  the  others. 
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I  say  all  of  us,  many  of  us,  by  the  manufacturing  corporations  or 
the  public  utility  corporations — in  creating  the  electrical  enter- 
prises ;  some  of  them  not  electrical,  because  we  are  not  all  electrical 
here,  but  most  of  us  were  engaged  in  creating  the  electrical  enter- 
prises some  of  which  have  come  up  for  public  criticism  since  that 
time.  We  all  went  ahead  at  that  time  on  the  theory  that  the  fran- 
chises were  valuable,  and  therefore  they  would  stand  capitaUza- 
tion,  and  they  were  capitalized.  Consequently,  the  public  was 
required  to  pay  a  return  upon  not  only  the  real  cost  of  the 
property,  but  also  on  a  fictitious  cost,  or  an  assumed  cost,  or  an 
assumed  value,  rather,  instead  of  cost,  on  these  franchises.  Now, 
taking  into  consideration  the  pioneer  period  during  which  these 
enterprises  were  created,  it  is  not  perhaps  unfair  to  say  that  these 
corporations  were  entitled  to  an  excessive  profit  upon  the  actual 
physical  value  of  the  properties  of  that  day,  and  that,  therefore, 
they  were  justified  in  assuming  that  the  franchise  had  value, 
and  in  paying  a  rate  of  return  upon  these  franchise  values — I 
do  not  know  that  I  will  say  franchise  values,  but  partly  upon 
franchise  values  and  partly  upon  capitalization  that  it  was 
necessary  to  put  into  the  properties  to  replace  the  parts  of  the 
property  that  became  obsolete  during  the  rapid  changes  in  the 
state  of  the  art,  thus  introducing  into  the  capitalization  of  the 
companies  not  only  the  question  of  franchise  values,  but  als6 
the  question  of  obsolescence. 

My  position  on  that  matter  for  the  past  three  years,  after 
having  had  five  years  to  think  about  the  subject  and  come  to 
concltisions  that  I  thought  satisfied  my  own  conscience  is — ^that 
a  public  service  corporation  is  justly  entitled  to  have  more 
than  a  fair  rettun  upon  the  actual  money  put  in  under  such 
conditions,  namely,  pioneer  times — ^that  a  company  is  entitled 
to  excessive  profits  for  those  times,  or  if  it  should  not  make  these 
excessive  profits,  it  is  entitled  to  live  long  enough  to  make  a 
good  profit  not  only  dtuing  those  times  but  also  during  its  life, 
so  that  the  people  who  put  the  money  into  the  enterprises  under 
great  stress  and  great  risk,  shall  make  more  than  ordinary  re- 
turns upon  their  money,  for  having  taken  the  risk  of  the  venture, 
provide!  that  when  the  company  has  earned  and  paid  to  the 
stockholders  this  profit,  all  excess  over  a  fair  return  upon  the 
value  of  the  property  thus  performing  the  service  diall  be  put 
into  a  fund  to  gradually  amortize  obsolescence  and  other  values 
previously  carried  in  capital,  account  but  representing  no  real 
property.  I  have  recently  put  this  plan  into  practice  in  one  the  of 
largest  cities  in  this  country — ^and  got  the  corporation,  also  one  of 
the  largest,  to  agree  to  it.  The  fundamental  principle  imderlying 
that  theory  is  this:  That  the  public  should  pay,  for  instance,  to 
a  street  railway  corporation,  the  actual  cost  of  producing  the 
service  which  is  given  to  the  public,  plus  a  fair  retiim  upon  the 
actual  capital  necessary  to  create  the  property,  and  also  that 
necessary  to  continue  its  operation.  In  the  case  of  early  rail- 
roads or  railroads  created  tmder  pioneer  conditions  I  would  give 
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them  much  more  than  the  present  rate  of  interest;  and  in  cases 
where  the  properties  have  operated  at  a  loss  during  the  earlier 
periods,  I  would  allow  the  companies  to  maintain  in  their 
capitalization  the  actual  cost  of  the  properties  plus  these  early 
losses,  and  I  wotdd  allow  them  to  continue  to  earn  a  higher  rate 
of  interest  than  what  is  now  usually  considered  a  reasonable  rate 
on  money,  until  they  have  earned  back  out  of  the  property 
these  early  losses,  and  a  liberal  return  upon  the  actual  money 
they  put  into  the  property,  which  would  cover  not  only  the 
present  physical  value,  but  also  the  cost  of  such  machinery  and 
material  as  has  become  obsolete  during  the  creation  and  opera- 
tion of  the  property  up  to  the  present  day. 

This  is  upon  the  assumption  that  from  now  on  the  company 
is  going  to  be  regulated  as  to  its  rate  of  return  by  public  service 
commissions  or  by  other  state  or  municipal  authorities,  and 
thus  be  prevented  from  earning  excessive  returns  out  of  which  to 
recoup  their  early  losses — because  the  corporations  when  they 
went  into  these  enterprises  assumed  they  were  going  to  be  able 
to  operate  them  long  enough  to  get  their  money  back,  and  make 
something  more  than  an  ordinary  rate  of  return  otherwise  the 
parties  furnishing  the  money  would  never  have  gone  into  the 
enterprises  and  operated  them  at  a  loss  during  the  early  periods. 
Now,  the  public  may  state  its  proposition  in  two  ways — i.e., 
it  may  say  we  will  allow  you  to  make  large  returns  up  to  the 
present,  but  from  now  on  we  are  going  to  regulate  your  rates,  so 
that  your  return  will  be  only  the  ordinary  interest  on  your  present 
investment.  I  believe  that  if  the  public  is  going  to  regulate 
from  now  on,  it  should  see  that  the  past  losses  of  the  companies 
are  taken  care  of  and  that  the  capital  that  went  into  the  enter- 
prise in  the  pa  >  shotdd  jrield  a  liberal  rate  of  interest  up  to  date, 
and  if  the  company  has  been  honestly  managed  and  has  not 
earned  that  interest  and  also  enough  to  make  up  its  early  losses 
and  rettun  the  capital  represented  by  obsolescence,  that  this 
capital  shotdd  stay  in  the  capitalization  until  the  company 
earns  it  out,  and  from  that  time  on  the  company  should  accept 
what  is  considered  now  a  reasonable  rate  of  return  upon  the 
actual  value  of  the  property  then  providing  the  service  and  also 
that  from  that  time  on,  all  earnings  over  and  above  that  rate 
of  return  should  be  put  into  an  amortization  fund,  to  gradually 
retire  this  capitalization  represented  by  obsolete  property,  pur- 
chased during  early  operation,  and  other  development  expenses. 
I  hope  I  made  myself  clear  upon  that  point,  because  I  believe 
it  is  fundamentally  right  that  the  public  should  pay  the  cost, 
plus  a  fair  return,  to  the  company  that  produces  this  service. 
It  is  right,  when  the  company  has  earned  back  its  money  which 
it  took  to  produce  that  service,  that  the  public  should  pay  a 
return  simply  upon  the  actual  value  of  the  property  which  is 
producing  the  service,  assuming  that  the  people  who  went  into 
the  project  in  the  earlier  days  have  made  a  good,  liberal  return 
on  the  investment. 
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Therefore,  our  present  methods,  or  rather  the  methods  of  some 
of  us  who  are  engaged  in  endeavoring  to  straighten  out  some 
of  the  present  difficiilties,  are  as  follows:  We  assume  that  these 
corporations  have  been  organized  imder  the  above  conditions, 
and  have  operated  up  to  the  present  time,  some  of  them  with 
great  success,  and  some  with  indifferent  success.  Those  which 
have  been  operated  with  indifferent  success  are  entitled  to  the 
consideration  which  I  have  mentioned,  but  those  which  have 
operated  with  great  success,  however,  and  have  taken  out  of 
the  property  a  good  liberal  rate  of  return,  are  not  sdlowed  to 
carry  in  capitalization  this  excessive  capitalization  any  longer. 
In  other  words,  if  the  records  of  the  property  show  the  property 
has  been  honestly  and  well  managed  and  the  rate  of  return,  taking 
gross  receipts,  and  deducting  operating  expenses,  have  not  been 
enough  to  pay  a  good  rate  of  return  on  the  investment,  the 
amount  spent  for  obsolescence  and  for  early  losses  should  be 
kept  in  the  capitalization,  but  if  the  records  show  that  the  com- 
pany has  made  a  liberal  return  on  its  investment  and  that  the 
extra  money  has  been  declared  in  excessive  dividends  instead  of 
creating  a  depreciation  fund  out  of  which  to  rehabilitate  the 
property,  then  I  say  such  a  corporation  has  no  right  to  claim 
the  benefits  of  the  plan  just  suggested,  and  it  should  be  judged 
on  the  physical  value  of  the  property  as  it  exists  today. 

That  is  the  method  which  was  applied  to  the  valuation  of  the 
Chicago  properties  some  five  years  ago,  namely,  that  these 
properties,  especially  one  of  them,  had  earned  excessive  rates  of 
interest  for  years,  some  of  them  as  high  as  35  per  cent  upon  the 
money  they  cost,  and  consequently  the  people  who  owned  the 
property  received  back  many  times  over  the  money  they  put 
into  them,  and  consequently  there  was  no  hardship  when  they 
had  to  accept  a  depreciated  value  of  the  property,  namely,  a 
value  which  represented  the  real  property  in  existence,  with  the 
understanding  that  from  now  on,  when  the  property  has  been 
rehabilitated  and  firmly  established  in  such  a  manner  that  the 
seciuities  of  the  properties  are  absolutely  reliable,  as  the  pioneer 
days  are  gone,  the  people  who  now  put  money  into  or  have 
money  remaining  in  these  properties  should  be  willing  to  accept 
a  reasonable  return  from  this  time  on,  be  that  five,  six,  seven 
or  ten  per  cent,  whatever  you  agree  upon — but  it  cannot  be 
25  per  cent  or  40  per  cent,  or  something  like  that,  because  the 
money  now  invested  in  the  properties,  is  invested  in  a  stable 
investment,  and  we  must  accept  it  as  such  and  the  public  utility 
corporations  should  recognize  that  those  of  them  who  have  ac- 
cepted this  view  of  the  situation  are  the  ones  who  are  getting 
along  most  successfully  in  our  municipalities  today. 

On  the  question  of  values,  in  making  a  valuation  of  the  physi- 
cal property,  of  a  public  service  corporation  it  is  right,  in  my 
opinion,  to  determine,  first,  the  cost  to  reproduce  the  property 
new,  and  in  that  cost  to  reproduce  new  must  be  considered  not 
only  the  actual  value  of  the  physical  property  that  you  can  go 
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out  and  find,  but  you  must  consider  also  interest  during  construc- 
tion, engineering  expenses  (usually  five  per  cent)  legal  expenses 
applicable  to  construction  only — I  do  not  mean  attorney's  fees 
incurred  in  the  creation  of  the  company,  or  the  securing  of  fran- 
chises, or  anything  of  that  kind  but  only  those  applicable  to  con- 
struction  work  alone  and  a  reasonable  contractors'   profit. 

When  fixing  the  rate  a  corporation  should  be  allowed  to  charge 
for  service  there  are  sometimes  other  expenses  which  should  be 
included  in  its  development  expense,  such  as  preliminary  tech- 
nical expenses,  legal  expenses  during  the  formation  of  company 
not  connected  with  construction  expense,  cost  of  consolidations 
and  reorganizations,  sometimes  a  reasonable  promotor's  profit, 
supersession  of  equipment  due  to  the  rapid  advance  of  the 
art,  reconstruction  due  to  unforeseen  contingencies,  broker- 
age, discount  or  premiums  on  sectuities,  and  sometimes 
franchise  and  "  going  "  values,  including  losses  during 
early  operation,  all  of  which  should,  however,  eventually  be 
amortized  and  eliminated  from  the  value  of  the  property  upon 
which  the  public  shotdd  be  expected  to  pay  a  rate  of  return,  al- 
though it  is  but  fair  that  the  company  should  have  time  to  earn 
this  amortization  fimd. 

These  are  what  are  known  as  development  expenses,  usually 
running  anywhere  from  10  to  25  per  cent  of  the  cost  to 
reproduce  the  physical  property  new.  Some  companies  will 
contend  and  say  it  should  be  as  high  as  35  per  cent. 
I  never  yet  found  a  property  where  I  thought  such  a  per- 
centage should  be  allowed,  but  have  found  some  where  25 
per  cent  was  fair,  some  as  low  as  12  to  15  per  cent,  some  22  per 
cent,  and  I  think  that  from  20  to  25  per  cent  is  not  ordinarily 
an  unfair  figure  to  add  an  order  to  determine  the  actual  cost  of 
reproducing  new  the  physical  property. 

.  My  time  is  short,  and  I  have  endeavored  in  a  general  way  to 
outliixe  my  judgment  regarding  the  subject  of  Mr.  Byllesby's 
paper,  which  is  a  very  valuable  discussion  of  the  general  subject. 

In  regard  to  Mr.  Floy's  paper,  he  makes  the  point  that  the 
engineer  must  know  for  what  purpose  the  valuation  is  being 
made,  and  states  that  so  far  as  the  value  of  the  property  to  the 
owning  and  operating  company  is  concerned,  that  is,  for  its  use, 
a  very  low  rate  of  depreciation  should  be  considered.  I  am  not 
so  sure  that  that  is  correct.  I  maintain  and  always  have,  when 
you  are  considering  a  question  of  rate  making,  that  the  company 
asking  for  the  rate,  should  be  allowed  a  rate  based  upon  the  cost 
to  reproduce  the  property  new,  taking  into  consideration  the 
development  expenses  which  I  have  mentioned,  and  that  a  con- 
dition precedent  to  that  valuation,  requires  the  property  to  be  in 
first-class  condition  so  as  to  be  able  to  give  first  class  service 
and  if  the  property  is  found  to  be  in  bad  physical  condition, 
that  the  company  has  no  right  to  ask  that  the  rate  be  based  on 
the  cost  to  reproduce  new,  unless  the  company  has  in  its  treas- 
ury, or  has  somewhere  a  depreciation  reserve  fimd,  such  as  we 


Digitized  by  VjOOQIC 


19111  DISCUSSION  AT  CHICAGO  1316 

have  in  Chicago,  provided  of  course  it  has  been  able  to  earn 
such  a  fund  sufficient  to  put  the  property  in  first-class  con- 
dition, so  as  to  give  a  first-class  service,  which  is  what  you 
require  of  it,  and  which  is  the  condition  you  require  it  to  be  kept 
up  to  in  order  to  entitle  it  to  the  rate  you  gave  it. 

Many  communities  will  attempt  to  fix  a  rate  upon  the  de- 
preciated value  of  the  property.  I  think  that  is  a  short  sighted 
policy  from  the  standpoint  of  the  public,  because  if  the  rate  i^ 
fixed  on  that  value  the  company  has  no  chance  to  raise  enough 
capital  to  put  its  property  in  first-class  condition,  to  give  first-* 
class  service,  and  consequently  the  rate  should  be  based  upon  the 
capitalis^ation  to  reproduce  the  property  new,  or  on  the  present 
depreciated  value  of  the  property,  plus  enough  to  put  it  in  first- 
clasis  condition,  and  that  money  must  be  in  the  treasury  of  the 
company,  or  in  a  fund  for  that  purpose. 

W.  F.  Wells:  Mr.  Floy  has  covered  the  subject  of  deprecia- 
tion in  such  a  broad  and  comprehensive  manner  that  he  leaves 
almost  nothing  to  be  said.  However,  I  would  like  to  voice  my 
approval  of  the  statement  he  makes,  to  the  effect  that  in  estf- 
mating  the  value  of  the  property,  only  absolute  depreciatioti  be 
considered,  and  not  any  theoretical  value  of  depreciation.  I 
think  that  property  which  is  in  good  order,  and  operating  effi- 
ciently should  not  be  depreciated  when  rate  cases  are  under 
consideration.  In  other  words,  any  company  which  is  main- 
taining its  property  in  first-class  condition,  so  that  its  original 
utility  is  unimfJaired,  should  not  be  compelled  to  depreciate  the 
value  of  that  property  for  the  sake  of  rate  making. 

As  to  Mr.  Byllesby's  paper,  I  have  heard  one  or  two  engineers 
take  eixception  to  the  mianner  in  which  he  has  treated  the  ques- 
tion of  replacement  value  of  imderground  subways  over  which 
new  pavements  have  been  laid.  A  company  is  entitled  to  this 
increment  value  just  as  much  as  it  is  to  the  increment  value  of 
real  estate  or  any  other  property.  Companies  frequently  in- 
stall subways  in  advance  of  new  pavement  in  sections  of  cities 
where  for  years  to  come  the  gross  revenue  will  not  pay  the  fixed 
charges,  but  they  do  this  on  the  idea  that  the  difference  between 
the  original  cost  and  the  replacement  value  after  the  new  pkve- 
ment  is  laid  will  in  part  offset  these  carrying  charges,  such  as 
interest  and  taxes  during  the  time  of  nonuse. 

Regarding  the  general  subject  of  appraisal  work,  6ne  of  the 
most  difficult  and  laborious  features  is  to  obtain  physical  in- 
ventory of  the  undergroimd  system  of  an  electric  light  company. 

I  had  occasion  this  spring  to  make  a  complete  inventory  of  the 
underground  property  of  the  Brooklyn  Edison  Company,  and 
the  method  followed  may  be  of  interest  to  some  here. 

The  property  was  all  recorded  graphically  on  maps  and 
records,  contained  in  some  twenty  large  volumes.  On  each  page 
of  these  books  were  shown  the  details  of  the  sub-surface  struc- 
tures in  about  500  lineal  feet  of  street,  including  the  subways, 
man-holes,   cables,   Edison   tubes,   jtmction   boxes,   etc.    The 
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problem  was  to  tabulate  and  summarize  the  amount  of  each 
type  of  construction. 

I  determined  that  the  Hollerith  system,  such  as  was  used  by 
the  United  States  Government  in  tabulating  and  summarizing 
the  statistics  of  census  reports  could  be  made  the  most  satis- 
factory. We  had  all  the  necessary  perforating,  sorting,  and 
automatic  calculating  machines,  which  were  in  use  for  analyzing 
our  output  and  revenue,  and  after  thorough  analysis  of  our 
underground  system,  I  found  that  by  slight  modification,  it 
was  possible  to  adopt  these  machines  for  making  the  inventory. 
The  data  on  the  record  books  was  transcribed  to  special  forms 
which  were  prepared,  using  one  sheet  for  each  page.  In  order 
that  these  data  may  be  perforated  on  the  templet  cards,  for  the 
sorting  and  adding,  it  was  necessary  to  indicate  all  descriptions 
in  figures  or  key  numbers.  Every  street  in  the  city  was  given  an 
arbitrary  number,  which,  with  the  sheet  number,  completely 
indexed  the  sheets. 

All  types  and  characters  of  subway  construction  were  indi- 
cated by  nine  figures,  the  first  two  indicating  the  number  of 
ducts  in  the  bank;  the  third,  the  material,  such  as  tile,  fibre  or 
iron  pipe;  the  fotuth,  the  number  of  ducts  wide  in  the  trench. 
Two  more  figures  showed  the  distance  from  the  top  of  the  duct 
bank  to  the  top  of  the  street  pavement,  the  character  of  which 
was  indicated  by  another  figtu*e.  Two  more  showed  the  date  of 
installation,  thus;  16.5.4.06.1.07  indicated  16  ducts  of  tile  laid 
four  wide,  and  therefore  four  deep  with  six  feet  of  cover  between 
the  ducts  and  top  of  an  asphalt  pavement  during  the  year  1907. 

For  man-holes  two  digits  showed  the  perimeter  of  the  hole; 
the  third  indicated  the  character  of  cast  iron  head  employed;  two 
more  the  depth  of  the  hole;  another  the  material,  whether  brick 
or  concrete;  another  the  type  of  paving  and  two  more  the  year 
installed. 

For  cables  the  first  digit  indicates  the  character  of  insulation; 
the  second  the  number  of  conductors;  the  third  the  voltage; 
two  more  the  size  of  conductors,  and  two  more  the  year  installed, 
thus:  4.3.2.2.5.07  indicates  a  lead  covered  paper  insulated  cable 
having  three  conductors  for  use  on  6,600  volt  service,  each  con- 
ductor being  250,000  cm.  and  installed  in  the  year  1907.  All 
quantities  were  naturally  expressed  directly  in  figtires.  After 
the  record  sheets  were  prepared,  of  which  there  were  3,800, 
some  33,000  cards  were  perforated,  the  operators  being  able  to 
punch  from  200  to  400  per  hour. 

These  cards  were  of  two  kinds,  one  showing  number  and  char- 
acter of  services,  quantity  and  style  of  subway  and  duct  feet 
occupied,  the  other  showing  the  number  and  type  of  man- 
holes, and  length  of  various  cables  installed. 

These  cards  are  then  placed  in  the  sorting  machine,  which  may 
be  set  to  select  any  type  of  construction,  after  which  the  adding 
machine  summarizes  the  quantities. 

These  cards  and  record  sheets,  with  additions  and  withdrawals. 
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now  form  a  perpetual  inventory  of  our  underground  property 
and  are  so  indexed  that  any  card  may  be  checked  at  any  time. 

John  W.  Lieb,  Jr.:  I  think  that  the  Institute  is  to  be  con- 
gratulated for  having  had  presented  to  it  these  two  papers  which 
are  somewhat  afield  from  the  usual  line  of  papers  which  have 
been  presented  before  the  Institute  heretofore.  We  all  of  us, 
whether  engaged  in  the  railroad  field,  or  the  transportation  field, 
or  the  electric  lighting  field,  must  sooner  or  later  come  face  to 
face  with  these  problems,  and  it  is  of  the  utmost  value  and 
importance  that  we  shall  have  a  fairly  general  view  and  grasp 
of  the  situation.  If  this  is  not  the  case,  when  we  come  to 
represent  otu*  respective  interests  before  public  bodies,  such  as 
public  service  commissions,  or  regulating  state  or  municipal 
bodies,  we  will  find  it  necessary  to  make  our  views  known,  per- 
haps inadequately,  perhaps  incompletely,  through  the  medium  of 
our  attorneys. 

Now,  all  of  us  who  have  had  experience  in  trying  to  deal 
through  our  sister  profession  with  technical  matters  must  recog- 
nize the  extreme  difficulty  and  the  unsatisfactory  method  of 
having  to  deal  through  a  representing  medium  commonly  tm- 
familiar  with  the  technical  expressions  and  the  technical  require- 
ments of  these  cases.  Therefore,  I  say  that  these  gentlemen 
have  done  a  real  service  to  the  Institute  in  calling  the  attention  of 
the  members  to  these  questions,  so  that  they  shall  become  well 
informed  and  have  presented  to  them  in  a  compendious  and  com- 
plete presentation  the  gist  of  these  matters,  and  Mr.  Floy  in  his 
paper  has  presented  what  is  a  fairly  complete  list  of  definitions 
which  certainly  should  prove  extremely  useful. 

Unfortunately,  in  presenting  matters  on  a  subject  of  deprecia- 
tion rates  of  depreciation  are  given  in  tables.  It  is  very  easy  to 
apply  them  in  a  way  to  make  them  misleading.  These  rates  of 
depreciation  are  usually  based  on  the  exhibition  of  the  physical 
life  of  the  properties  of  the  apparatus,  without  taking  into  con- 
sideration the  necessity  of  a  very  much  shorter  career,  due  to 
supercession,  conditions  of  obsolescence,  etc.,  and  it  is  unfor- 
tunate that  tables  of  depreciation  do  not  specify  that  they  do 
not  cover  obsolescence  and  do  not  cover  any  supersessionary 
reducing  time  limit.  If  you  will  refer  to  the  table  given  in  Mr. 
Floy's  paper,  and  what  follows,  you  will  see  how  evident  this  is. 
Under  arc  lamp,  for  instance,  the  fourth  item,  rate  of  deprecia- 
tion in  per  cent  per  year  for  arc  lamps  is  six  per  cent.  Now,  we 
all  of  us  who  have  been  engaged  in  this  business  know  how  thor- 
oughly inadeqtiate  any  such  allowance  as  that  would  be  with 
these  rapid  changes  that  are  going  on  in  this  field.  The  same 
thing  would  apply,  for  instance,  to  the  rate  of  six  per  cent,  or 
6.5  per  cent  for  electric  meters. 

Now,  we  have  had  the  assistance  in  furthering  this  rapid 
voyage  from  the  operating  room  to  the  scrap  pile  of  very  many 
of  the  members  of  this  Institute,  and  they  are  partly  responsible 
for  this  continuous  cycle  of  improvement.    It  is,  of  course,  tp 
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this  continued  cycle  of  improvement  that  we  owe  the  immense 
expansion  which  this  industry  has  had,  but  it  also  should  be 
recognized  that  this  continued  cycle  of  journeys,  of  rapid  jour- 
neys, from  the  operating  condition  to  the  scrap  heap,  should  have 
its  proper  expression  in  what  is  the  real  and  proper  rate  of  de- 
preciation, and  if  tables  of  depreciation  do  not  include  super- 
cession  or  obsolescence  they  should  so  specifically  state. 

I  was  very  much  interested,  indeed,  to  hear  Mr.  Arnold's 
statement  of  his  views  in  regard  to  a  matter  of  the  very  utmost 
importance  to  all  public  utUity  corporations,  that  is  to  make  a 
reasonable  and  proper  provision  for  disappearing  assets,  the 
physical  assets  which  in  the  course  of  these  consolidations  and 
mergers  that  have  already  taken  place,  have  disappeared,  and  it 
is  a  most  unfortunate  condition,  for  which  our  present  financial 
conditions  and  lack  of  explanation  is  largely  due,  that  the  public 
is  misinformed,  and  considers  that  these  disappeared  assets  afe 
denominated  by  some  of  our  friends  as  "  water  ". 

Now,  gentlemen,  in  bringing  these  vast  properties  together, 
and  in  order  to  give  the  public  the  advantages  which  they  have 
received  in  large  measure  by  bettered  service  or  lowered  rates, 
it  has  been  necessary  to  scrap  enormous  quantities,  enormous 
parts  of  the  apparatus  that  have  been  functioning  in  some  of 
these  smaller  corporations,  which  have  been  merged  or  con- 
solidated into  the  larger  institutions.  Now,  for  this  apparatus 
that  has  so  soon  gone  out  of  use,  and  for  which  the  larger  cor- 
poration had  no  use  whatsoever,  securities  were  issued  in  good 
faith  and  bought  by  the  investor,  and  yet  the  physical  assets, 
as  has  been  referred  to,  have  disappeared,  and  when  these 
valuations  are  made  even  the  closest  scrutiny  and  search  will 
not  find  anything  in  the  existing  operating  system  that  represents 
these  disappeared  values. 

Now,  I  think  that  Mr.  Arnold  has,  as  a  result  of  the  deep 
thought  which  he  has  given  to  this  subject,  and  of  his  experience, 
touched  upon  a  very  important  and  reasonable  method  of -sug- 
gesting they  take  care  of  these  assets  which  have  disappeared,- 
which  cannot  any  longer  be  represented  as  inventory  values, 
in  the  case  of  physical  valuations  of  these  properties. 

It  is  most  important  that,  as  our  President  has  stated  in  his 
opening  address,  which,  I  believe,  should  appeal  to  every  engi- 
neer, that  this  is  a  field  in  which  the  engineer  should  rise  to 
opportunities  of  wider  usefulness.  It  is  astonishing  that  public 
opinion  should  be  moulded  and  shaped  on  these  most  important 
and  vital  questions  relating  to  our  industry  by  people  who  have 
not  had  the  right  experience  of  the  business  and  who  have  not 
had  information  as  to  these  repeated  cycles  of  changes  which 
are  reflected  in  our  business  conditions,  and  it  is  up  to  us,  as 
engineers,  to  do  our  part  to  shape  and  mould  public  opinion, 
so  that  not  only  the  public  shall  have  its  fair,  equitable  and  just 
treatment  and  consideration,  but  that  the  public  service  cor- 
porations also  shall  receive  on  their  part  that  fair  treatment 
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which  the  public,  when  it  is  once  correctly  informed,  will  not  be 
slow  in  awarding  to  them. 

Schuyler  S.  Wheeler:    I  have  only  two  points  to  make. 

First:  It  is  evident  that  depreciation  of  the  property  of  public 
service  corporations  is  the  important  part  of  the  subject  as 
presented,  but  the  titles  of  the  papers  are  not  limited  to  this. 
This  difficulty  would  be  met  if  the  titles  of  the  papers  were  cone 
sidered  as  amended  to  read,  *'  Depreciation  as  Related  to  Fubli- 
Service  Electrical  Properties,"  and  "  The  Responsibilities  of 
Electrical  Engineers  in  Making  Appraisals  of  Public  Service 
Corporations." 

Second:  It  seems  to  me  it  would  be  much  better  if  all  kinds  of 
depreciations  of  physical  property  were  unified  and  classified, 
and  a  single  rate  of  depreciation  was  universally  adopted  for 
each  kind  of  article  making  up  a  property.  I  refer  to  the  several 
ways  in  wluch  depreciation  is  figured  at  present  as  illustrated  imder 
"  Classes  of  Depreciation  "  in  Mr.  Floy's  paper.  I  think  he  calls 
for  both  "  absolute  "  and  "  theoretical  "  depreciation.  These 
various  rates  of  depreciation  for  the  same  thing,  are  intended 
to  cover  different  circumstances,  for  example,  the  fact  that 
on  one  hand  a  piece  of  apparatus  may  become  very  old  and  yet 
be  wholly  and  fully  useful  to  the  owner,  and,  on  the  other  hand 
if  the  apparatus  is  to  be  disposed  of  the  value  is  very  small. 

Now  I  think  that  there  is  approximately  a  definite  value  for 
each  piece  of  apparatus  at  different  periods  in  its  life;  that  such 
value  includes  actual  wearing  out  and  obsolescence  and  all  of  the 
other  factors,  and  I  think  if  we  could  arrive  at  some  definite  way 
to  include  all  of  these  factors,  and  at  a  rate  for  each  different  kind 
of  property,  the  problem  would  be  very  much  simplified  for  us  and 
many  arguments  would  be  cut  out.  I  think  it  proper  that  in  the 
conduct  of  every  kind  of  business  an  amount  should  be  charged 
each  year  against  the  earnings,  representing  that  year's  share  of 
the  reduction  of  the  value  of  the  property,  and  whether  it  be  in 
a  lighting  company,  a  street  railway,  a  manufactiuing  plant,  or 
anything  else,  such  charge  should  be  deducted  each  year.  If  the 
property  is  considered  each  year  as  reduced  by  that  amount  the 
problem  becomes  quite  definite  and  very  much  simplified. 

E.  Leonarz:  Mr.  Arnold  called  attention  to  the  fact  that  a 
fair  interest  is  allowed.  Now,  we  certainly  don't  fear  that  rates 
would  be  increased,  due  to  the  original  rates  being  too  low.  We 
have  never  heard  that  rates  are  being  adjusted,  when  extensions 
of  lines  outside  of  cities  have  been  asked  for,  but  we  hear  that 
such  rates  are  being  lowered,  or  that  lines  are  being  extended 
from  the  previous  limits,  and  the  result  is  simply  a  higher  in- 
vestment, and  sometimes  that  companies  are  going  to  the  wall. 
Who  is  going  to  pay  for  these  extensions  and  betterments?  I 
think  that  such  companies  should  be  allowed  increased  rates, 
and  that  public  service  commissions  should  also  take  into  con- 
sideration that  only  a  part,  and  only  a  very  small  part,  of  the 
capital  invested  has  received  what  we  can  call  a  fair  return. 
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Public  service  commissions  are  also  apt  to  take  exception  to  the 
high  rate  of  interest  allowed  to  certain  companies,  which  from 
the  start,  were  led  to  believe  that  the  field  which  they  started 
in  would  really  be  better  than  it  proved  to  be. 

A.  H.  Ford:  The  question  of  reasonable  return  having  been 
mentioned  the  speaker  raises  the  question  as  to  whether  it  is 
good  policy  for  the  controlling  body  to  fix  a  single  rate  as  a  rea- 
sonable rate  of  return.  He  would  answer  in  the  negative;  for 
if  the  management  of  a  property  knows  that  charges  can  be 
increased  if  this  rate  of  return  on  the  value  of  the  property  is  not 
reached  and  will  be  reduced  by  the  controlling  body  if  it  is 
exceeded,  the  incentive  for  operating  the  property  more  effi- 
ciently or  with  greater  enterprise,  is  removed. 

A  better  plan,  it  seems  to  the  speaker,  would  be  to  fix  the 
reasonable  rate  of  return  between  certain  limits  as,  for  example, 
five  and  fifteen  per  cent  of  the  value  of  the  property;  giving  the 
controlling  body  the  right  to  order  a  reduction  of  the  charges 
only  in  case  the  rate  of  return  is  greater  than  the  upper  limit  and 
allowing  the  management  to  increase  charges  only  in  case  the 
rate  of  return  is  less  than  the  lower  limit. 

Specifically;  under  the  present  plan  there  would  be  no  in- 
centive to  replace  an  obsolete  piece  of  machinery  which  involves 
a  high  operating  cost  by  a  new  machine  which  would  reduce  the 
operating  cost  and  thus  allow  greater  earnings,  which  would 
be  an  invitation  to  begin  action  for  a  reduction  of  charges;  while 
under  the  proposed  plan  this  would  be  advisable.  In  another 
instance  a  reduction  of  charges  might  cause  such  an  increase  in 
the  business  that  the  earnings  would  increase  but  the  manage- 
ment would  hesitate  to  reduce  charges  if  it  knew  that  any  increase 
in  the  rate  of  return  resulting  therefrom  would  be  the  cause  of  a 
further  reduction  until  the  rate  of  return  was  at  the  old  figure. 
That  this  is  not  a  hypothetical  case  is  shown  by  the  action  of  the 
Wisconsin  Railroad  Commission  reported  in  the  Electrical 
World,  Vol.  57,  p.  1599,  in  the  case  of  the  Madison  Gas  &  Elec- 
tric. Co. 

Geo.  L.  Hoxie:  Mr.  Floy's  paper  is  a  timely  one,  upon  an 
important  subject.  It  is  likely  there  will  be  little  dissent  from 
most  of  his  conclusions.  The  table  giving  the  rates  of  deprecia- 
tion that  have  been  adopted  by  various  official  bodies  is  par- 
ticularly valuable,  and  the  quoted  extracts  from  various  Court 
decisions  are  convenient  for  reference.' 

Certain  features  of  the  paper  however,  are  likely  to  develop 
sharp  differences  of  opinion.  I  would  take  exception  to  the 
notion  of  "  absolute  "  and  ''  theoretical  "  depreciation,  and  to  the 
idea  that  '*  theoretical  "  depreciation  must  be  provided  for  only 
as  a  part  of  operating  expense,  while  "  absolute  ''  depreciation, 
for  which  Mr.  Floy  indicates  quite  a  different  value,  is  to  be 
used  as  the  basis  on  which  rates  are  to  be  fixed,  capitalization 
allowed,  etc. 

It  does  not  seem  that  such  a  division  of  depreciation  into  two 
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values,  one  to  be  used  in  one  case,  and  one  in  another,  is  at  all 
possible  as  a  practical  matter  and  if  it  were  tried  I  believe  that 
it  would  quickly  lead  to  an  intolerable  situation.  In  a  rate  fixing 
matter  for  example,  the  Board,  or  Commission,  fixing  the 
rates  would,  under  Mr.  Floy's  theory,  assign  a  value  to  the  phys- 
ical property  based  upon  what  he  terms  *'  absolute  "  deprecia- 
tion, which  it  seems  would  usually  be  very  close  to  the  first 
cost  of  the  apparatus  considered,  (as  in  the  case  covered  by  the 
St.  Louis  decision,  so  approvingly  quoted.)  Then  the  Com- 
mission would  fix  a  yearly  rate  of  depreciation,  and  this  rate  of 
depreciation  would  perhaps  be  more  per  annum,  charged  to 
operating  expenses,  than  the  total  '*  absolute  "  depreciation. 

After  rate  regulation  had  gone  on  for  a  few  years,  say  10  years, 
we  should  have  a  fund,  paid  out  of  operating  expenses,  equal  to 
perhaps  50  per  cent  of  the  first  cost  of  the  plant,  and  this  fund, 
as  would  ordinarily  be  the  case,  has  perhaps  been  largely  ex- 
pended in  extensions  and  improvements  to  the  plant,  (to  the . 
extent  of  keeping  its  "theoretical**  total  value  constant); 
but  the  property  of  the  Company,  based  on  "  absolute  "  de- 
preciation would,  if  maintained  at  full  operating  efficiency  still 
be  figured  at  within  a  few  per  cent  of  its  original  cost  or  would 
be,  on  this  theory,  (with  a  "  theoretical  "  rate  of  say  5  percent, 
nearly  50  per  cent  more  than  the  first  cost  of  the  original  plant, 
at  the  time  when  rate  regulation  started.  Yet  all  of  the  excess 
value  upon  which  rates  must  then  be  based,  has  been  contributed 
by  the  consumer.  The  consumer  has  thus  paid  for  the  privilege 
of  paying  dividends  to  others  on  his  own  payments  to  them. 
One  can  see  readily  enough  that  this  theory  carried  out  over  a 
term  of  years  would  mean  rates  so  high  that  any  Public  Service 
Company  should  be  able  constantly  to  increase  its  physical  prop- 
erty, without  any  additional  capital  investment,  meanwhile 
paying  full  dividends  each  year  on  the  increased  value  for  that 
year. 

Of  course,  something  of  the  sort  is  what  has  actually  gone  on 
in  the  case  of  many  successful  Public  Service  corporations ;  but 
it  is  precisely  such  a  state  of  affairs  that  has  brought  about  rate 
regiilation.  Some  important  Public  Service  enterprises  have 
mainly  been  built  out  of  excess  earnings.  Once  built  and  the 
excess  earnings  capitalized,  it  is  impossible  for  the  public  to  go 
back,  and  in  effect  take  away  property  from  stockholders,  on  a 
plea  that  it  was  paid  for  by  the  public  out  of  excess  earnings. 

If  now,  we  base  plant  value  on  one  rate  of  depreciation  of  plant, 
and  allow  operating  expenses  on  a  rate  of  depreciation  that  is  many 
times  higher,  we  have  made  no  improvement  by  our  rate  regu- 
lation. On  the  contrary  we  have  mad^  matters  worse,  for,  under 
rate  regulation,  we  have  eliminated  the  competition  that  form- 
erly limited  rates,  and  we  have  in  effect  guaranteed  rates  suffi- 
cient to  pay  dividends  on  unjust  values.  The  thing  cuts  both 
ways-  You  cannot  charge  depreciation  in  your  operating  ex- 
penses unless  you  lower  your  estimated  plant  value    by  the 
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amount  charged  to  operation  for  depreciation,  less  the  amount 
put  back  into  the  plant.  The  total  "  lessening  of  worth  "  of  a 
plant  during  ten  years  is  the  sum  of  the  depreciations  for  each 
of  the  ten  years — of  course  less  any  money  put  back  into  plant. 
In  my  opinion,  with  a  new  company,  starting  under  rate  regula- 
tion, and  having  rates  permitting  fair  payment  to  capital  and 
the  charging  of  straight  line  depreciation  to  operation,  the  value 
of  the  physical  plant  must,  each  year,  be  reduced  by  precisely 
the  amount  of  the  depreciation  fund  remaining  unexpended  at  the 
end  of  that  year.  The  Company  must  also  be  allowed  to  call 
any  unexpended  balance,  capital,  and  to  earn  dividends  upon  it, 
crediting  earnings  of  course  with  any  income  the  fund  may  have 
produced. 

As  a  practical  matter  the  depreciation  fund  of  any  large  com- 
pany cannot  be  made  up  of  a  lot  of  separate  accounts  each  balanc- 
ing the  "  lessening  of  worth  "  of  some  one  item,  but  it  should  be  a 
fund  balancing  the  total  lessening  of  worth  of  all  items  together. 
Also  as  a  practical  matter,  the  depreciation  fund  would  not  be 
held  in  cash  for  any  great  length  of  time,  but  should  be  invested, 
so  as  to  produce  a  revenue.  Of  course  the  investment  may  be 
in  any  form  of  property,  perhaps  in  the  bonds  of  other  com- 
panies, or  perhaps  in  the  bonds  of  the  company  itself.  But  the 
most  usual  form  of  investment  will  doubtless  be  in  new  plant 
construction.  Such  investment  should  yield  the  greatest  possible 
return,  and  should  provide  in  the  best  possible  manner  for 
balancing  the  depreciation  of  the  previously  existing  plant.  If 
an  exactly  correct  rate  of  depreciation  be  determined  and  so 
balanced  by  a  fund,  used  in  extraordinary  repairs,  extensions, 
new  constructions,  etc.,  the  physical  value  of  the  plant  will  re- 
main constant  (unless  new  capital  be  also  used  in  construction). 

Since  no  human  measurement  can  be  absolutely  exact,  care 
should  be  taken  to  see  that  the  rate  of  depreciation  chosen  is  a 
little  too  high  rather  than  a  little  too  low,  otherwise  the  company 
will  in  time  be  wrecked.  With  a  depreciation  fund  a  Uttle  too 
large  constantly  being  put  into  improvements,  the  value  of  the 
property  will  constantly  appreciate.  But  the  public,  in  the 
form  of  a  commission,  may  very  justly  step  in  at  this  point  and 
prevent  any  increased  capitalization  or  earnings  on  account  of 
such  increased  value;  but  may  say  to  the  Company,  "This 
increased  value  is  not  yours,  but  belongs  to  the  public,  since  it 
exists  solely  because  we,  in  oiu-  care  not  to  wrong  you,  purposely 
allowed  you  to  collect  somewhat  too  large  a  depreciation  fund." 

It  is  easy  to  see  that  under  such  a  financial  scheme  as  here 
outlined,  a  corporation's  bond  and  stockholders  would  become 
more  secure  each  year  as  to  the  safety  of  their  original  invest- 
ments, yet  they  are  not  allowed  any  **  unearned  increment." 
There  would  probably  come  a  time  when  not  merely  76  per 
cent  or  80  per  cent  but  perhaps  as  much  as  100  per  cent  of  any 
additional  funds  needed. for  extensions,  could  be  had  from  low 
rate  bond  issues.  The  public,  on  the  other  hand,  would  get  the 
benefit  of  steadily  decreasing  rates. 


Digitized  by  VjOOQIC 


911] 


DISCUSSION  AT  CHICAGO 


1323 


A  much  more  difficult  situation,  and  perhaps  such  a  one  as 
Ir.  Floy  had  mainly  in  mind  and  attempted  to  meet  by  two 
ates  of  depreciation,  is  fotmd  where  a  public  service  company 
aving  handled  its  business  as  it  pleased  for  many  years,  sud- 
enly  comes  under  rate  regulation.  Such  cases  are  almost  the 
sual  ones  now.  It  must  be  admitted  at  once  that  fixed  rules 
re  almost  impossible.  Each  separate  case  is  of  a  corporation 
^hose  history  is  somewhat  different  from  every  other  one. 
ome  corporations  have  been  conservative,  some  reckless;  some 
ave  had  good  engineering,  and  some  no  engineering;  some  have 
laintained  depreciation  funds,  some  have  largely  built  their 
roperties  out  of  excess  earnings,  and  some  have  capitalized 
v^erything,  watered  to  the  limit,  made  no  proper  provision  for 
epreciation,  and  perhaps  the  promoters  have  withdrawn  with 
ersonal  fortunes,  leaving  a  lot  of  deluded  stockholders,  a  run 
own  plant,  and  a  new  rate  making  commission,  to  be  dealt 
ith. 

About  the  only  general  rule  that  can  be  laid  down  is  that  each 
ise  must  be  treated  with  common  sense  at  the  start,  and  that  the 
eatment  must  look  toward  the  establishment,  as  quickly  as 
ossible,  of  such  conditions  of  business  management  as  would  be 
nforced  at  once  on  a  new  concern. 

There  can  be  no  doubt  that  a  '*  theoretical  **  rate  of  deprecia- 
on  must  in  every  case  be  charged  against  operating  expenses, 
ossibly,  to  begin  with,  the  theory  of  a  lesser  **  absolute  "  rate 
f  depreciation  might  bring  out  a  common  sense  restilt  in  some 
ises,  and  for  a  limited  time.  In  my  opinion  however,  there  is 
0  case,  and  there  can  be  no  case,  where  the  continued  use  of 
ivo  separate  rates  of  depreciation,  applied  to  the  same  property, 
ver.  a  considerable  series  of  years,  will  not  bring  disaster. 

The  real  difficulty  in  makmg  an  appraisal  of  machinery  in 
se,  lies  in  what  is  almost  the  impossibility  of  correctly  estimating 
he  remaining  period  of  life  of  the  machinery,  during  which  it 
dll  be  of  effective  service  to  its  original  owners.  This  is  a  dif- 
srent  matter  from  estimating  the  useful  life  of  the  machinery 
lone.  Many  a  machine  sold  second  hand,  for  approximately 
crap  value,  has  a  long  period  of  useful  life  ahead.  But  for  its 
rigihal  owners  the  machine's  life  ended  when  it  was  discarded. 

An  engineer  making  an  appraisal  must  not  therefore  limit 
limself  solely  to  the  physical  condition  of  each  machine.  The 
)hysical  condition  of  property  may  be  the  smallest  factor  of  its 
^alue.  In  some  way  or  other,  the  appraisal  must  be  made  to 
nelude  a  deliberate  judgment  of  value  of  useful  service  remaining^ 
n  that  situation,  or  to  that  company,  plus  salvage  valae.  To 
ay  that  an  engineer  can  make  such  a  prediction  accurately  for 
tny  given  machine  is  to  say  that  he  can  predict  not  only  future 
idvahces  in  the  art,  but  how  many  years  ahead  those  advances 
rill-come.  The  best  that  the  engineer — or  anyone  else — ■  can  do, 
is  to  judge  the  futtu-e  by  the  past.  He  may  say  that  various 
dasses  of  machinery  have  in  the  past  had  such  and  such  periods 
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of  life.  He  may  increase  those  periods  by  an  amount  that  in  his 
judgment  it  is  fair  to  allow,  asstmiing  that  future  progress  will 
be  less  rapid  owing  to  greater  standardization.  He  may  then 
apply  a  depreciation  based  on  age,  and  years  of  service  remaining, 
and  while  method  and  result  may  be  criticized,  both  are  Ukely 
to  be  more  nearly  right  than  any  other  yet  suggested. 

Objection  comes  mostly  from  a  general  sense  that  injustice 
may  be  done  to  innocent  stockholders,  where  application  of 
straight  line  depreciation  would  make  a  drastic  reduction  in 
capital,  of  a  sudden,  which  could  not  have  been  anticipated. 
In  such  cases  the  public  must  share  responsibility  for  not  having 
regulated  matters  earlier  and  a  commission  may  reasonably, 
for  a  time,  allow  capital,  and  earnings,  on  some  sum  in  excess  of 
actual  value  as  depreciated,  and  may  thereby  in  effect  assess 
upon  the  public  some  part  of  the  loss  due  to  bad  financial  history, 
which  loss  the  public  and  the  aforesaid  innocent  stockholders 
then  share,  upon  some  basis  to  be  determined  by  the  commission. 

Conflicting  Decisions.  The  Master's  Report  in  the  Consoli- 
dated Gas  Case,  from  which  Mr.  Floy  quotes,  seems  at  first  to 
be  opposed  to  the  method  of  estimating  depreciation  just  out- 
lined. As  the  Master's  opinion  was  sustained  by  the  Supreme 
Court,  it  seems  a  little  presumptuous  to  differ — yet  other  de- 
cisions do  not  indicate  that  approval  of  the  Master's  Report 
constitutes  a  final  pronouncement  concerning  the  method  that 
we  must  follow.  The  Master  approves  an  estimate  **  based  on  a 
detailed  examination  of  the  property  as  it  stands  to-day," 
No  one  could  object  to  such  an  estimate  if  correctly  made.  Such 
an  estimate  would  necessarily  consider  not  merely  physical 
condition,  but  probable  length  of  future  service;  and  it  is  evident 
from  the  Master's  opinion  that  he  actually  did  consider  the  plant 
in  condition  to  give  service  over  a  long  period  to  come.  It 
must  also  be  noted  that  while  a  straight  line  depreciation  is  well 
within  the  possible  limits  of  accuracy  for  any  case  where  the 
length  of  life  is  short,  in  cases  where  the  estimated  life  is  long, 
as  in  the  Consolidated  Gas  Case,  a  moderate  rate  of  interest  for 
the  fund  makes  the  annual  charge  against  operating  expenses 
very  small.  A  simi  amounting  to  a  few  per  cent  of  the  first 
cost,  set  at  interest  at  the  end  of  half  the  estimated  life  might 
in  many  cases  reproduce  the  property  at  the  end  of  its  theoretical 
life.  It  does  not  seem  possible  to  get  more  than  a  meaningless 
figure  from  a  computation  based  on  a  life  of  100  years  or  more. 
In  Mr.  Floy's  curves,  Plate  1,  the  annual  charge  to  cover  de- 
preciation, at  5  per  cent  on  iOO  years  of  Hfe,  is  practically  nothing. 
The  fund  and  interest,  accumulating  even  at  the  end  of  10  years, 
can  hardly  be  read  on  the  curve.  In  fact  any  estimated  life 
beyond  60  to  75  years  might  reasonably  be  called  perpetual 
life,  for  no  computation,  based  upon  such  a  life  will  be  within 
the  limits  of  error  introduced  by  other  uncertain  factors,  not  the 
least  of  which  is  the  estimated  life  itself.  It  seems  clear  therefore 
that  the  opinion  in  the  Consolidated  Gas  Case  by  no  means  tells 
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US  not  to  figure  straight  line  depreciation  in  the  case  of  an  electric 
lighting  or  railway  plant,  having  a  probable  life  of  less  than 
20  years.  Certainly  it  does  not  tell  us  to  figure  two  kinds  of 
depreciation,  one  to  use  for  an  operating  charge,  and  the  other 
for  a  capital  charge. 

Curves  of  Depreciation,  In  Fig.  1  of  Mr.  Floy's  paper  are  given 
six  curves,  as  illustrating  ways  in  which  depreciation  actually 
takes  place.  Curves  1  and  2,  are  based  on  selling  values,  as- 
suming that  the  depreciated  property  is  sold  for  use  elsewhere. 
As  the  author  says,  depreciation  of  a  going  property  should  never 
be  figured  on  the  basis  of  these  curves — unless  the  property 
depreciated  is  of  less  value  to  the  seller  than  to  the  buyer,  and 
in  that  case  the  property  should  be  considered  as  scrap,  and  not 
included  at  all  in  a  value  of  the  property  on  which  for  instance, 
rates  are  to  be  based.  Curves  1  and  2  therefore  are  not  truly 
such  depreciation  curves  as  may  be  used  for  going  properties. 
Curve  6  is  for  property  which  it  is  assumed  will  be  kept  at  close 
to  100  per  cent  of  operating  efficiency  until  just  before  the  end 
of  its  life.  It  seems  that  the  reasoning  given  in  connection  with 
curve  6,  while  at  first  sight  plausible,  is  in  fact  wholly  misleading. 
Asstime,  as  shown  by  this  curve,  that  a  property  gives  precisely 
the  same  service  at  the  end  of  the  17th  year  of  its  life  as  at  the 
end  of  its  first  year.  Also  assume,  as  the  curve  also  assumes, 
that  at  the  end  of  its  20th  year  it  has  only  scrap  value.  De- 
cided the  "  fair  value  "  of  the  property  is  very  different  at  the 
end  of  one  year  and  at  the  end  of  17  years.  The  property 
value  is  due  to  its  remaining  capacity  to  serve — not  at 
all  to  the  momentary  character  of  its  service.  Curve  6  cannot 
even  approximately  illustrate  possible  true  depreciation.  The 
curve  is  not  really  a  depreciation  curve  at  all,  but  is  in  fact  a 
curve  whose  ordinates  represent  operating  efficiency,  at  the  end 
of  any  given  time — quite  a  different  thing. 

Curves  3,  4  and  5  are  the  only  curves  of  Fig.  1  that  may  fairly 
be  called  depreciation  curves  for  an  operating  property.  Mr. 
Floy  calls  these,  curves  of  **  theoretical  *'  depreciation..  It 
would  seem  better  to  call  them  curves  of  "  actual  "  or  "  real  *' 
depreciation.  The  only  uncertain  point  is  the  length  of  life. 
Give  the  real  length  of  life  of  the  property,  and  curves  3,  4  and  5 
are  not  at  all  *'  theoretical  ",  but  very  practical  and  definite. 
-  Interest  on  Depreciation  Fund,  Curve  No.  4,  and  the  similar 
curves  of  Plate  1,  show  the  effect  of  interest  rates,  assuming 
that  the  gradually  growing  depreciation  fund  is  kept  at  com- 
pound interest  until  the  life  of  the  property  is  over,  and  is  then 
exactly  sufficient  to  replace  the  property.  Curve  3  illustrates 
what  is  usually  called  "  straight  line  depreciation.'* 

There  is  something  to  be  said  on  both  sides  of  the  question  of 
whether  to  include  interest  computations,  or  to  use  straight  line 
values.  Personally  I  much  prefer  the  straight  line  method  for 
all  ordinary  cases  of  property  having  a  life  not  over  about 
26  years,  the  objections  to  including  interest  figures  being: 
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1.  It  is  not  practical y  or  desirable,  to  have  an  actual  ftmd 
against  each  piece  of  property,  maintained  as  an  invested  fund 
during  the  property's  life. 

2.  If  the  fund  be  general,  against  the  entire  physical  prop- 
erty, it  will  be  drawn  from,  at  varying  times,  and  usually  in- 
vested in  plant  extfensionsf,  none  of  them  specifically  replacing 
any  especial  part  of  the  old  plant,  but  all  together  maintaining 
the  total  physical  property  at  a  constant  value. 

3.  It  is  difficult,  and  perhaps  impossible,  to  estimate  in  ad- 
vance the  probable  life  of  property  so  closely,  that  the  error  will 
not  usually  be  greater  than  the  difference  between  straight  line, 
and  curved  line,  depreciation.  (For  very  long  lived  properties 
this  might  not  be  true.) 

4.  Rates  of  interest  will  not  be  constant  during  the  life  oi  a 
property,  and  will  depend  largely  on  whether  the  fund  is  kept 
in  bank,  used  in  purchase  of  bonds,  or  re-invested  in  extensions. 
One  method  may  result  in  a  rate  of  interest  twice  as  great  as 
another. 

5.  The  straight  line  method  is  far  simpler. 

Even  where  statistics  are  so  accurate  as  those  of  human  life, 
it  is  found  that  progress  in  sanitation,  medicine  and  surgery, 
together  with  the  strict  examinations  of  the  physical  condition 
and  family  history  of .  applicants,  has  resulted  in  an  average 
length  of  life  of  insured  persons,  appreciably  greater  than  in- 
dicated by  the  tables. 

It  would  seem  impossible  to  estimate  the  average  useful  life 
of  1000  similar  djmamos  with  such  accuracy  as  to  justify  the 
inclusion  of  interest.  For  One  thing  there  may  be  quite  a  dif- 
ference of  opinion  as  to  when  a"  dynamo  is  really  "dead". 
Furthermore  the  salvage  value  at  the  end  of  the  period  of  life 
cannot  be  estimated  at  the  beginning  of  life.  There  are  other 
similar  uncertainties  none  of  which  occur  in  the  problems  of  a 
life  insurance  actuary. 

It  seems  therefore  that  such  accoimt  as  it  may  be  desirable  to 
take  of  interest  on  fund,  at  least  for  the  depreciation  of  electrical 
machinery,  might  usually  best  be  considered  as  a  lengthening  of 
the  life  period;  using  always  "  straight  line  '*  depreciation. 

Fifty  Per  Cent  Method.  The  ''  fifty  per  cent  method  "  in 
certain  cases,  such  as  those  mentioned  by  Mr.  Floy,  is  quite  a 
satisfactory  one.  It  impUes  a  relatively  short  life,  or  the  inclu- 
sion of  an  interest  factor.  It  should  be  noted  that  there  is 
nothing  theoretical  about  the  depreciation  where  the  fifty  per 
cent  method  is  applicable.  Take  the  case  of  the  incandescent 
lamps,  on  customers  premises,  of  a  company  furnishing  free 
lamp  renewals.  Some  lamps  are  new,  some  just  ready  to  b^ 
exchanged,  and  others  of  all  ages  between  maximum  and  mini- 
mimi.  No  one  would  maintain  that  the  total  value  of  stock, 
old  and  new  together,  is  not  close  to  50  per  cent  of  the  new  value. 
Also  it  is  evident  that  the  renewal  of  lamps  as  they  become 
burned  out  or  blackened  keeps  the  whole  outstanding  stock  at 
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about  a  constant  value,  making  no  special  additional  charge  for 
depreciation  necessary,  except  as  lamps  may  become  cheaper 
due  to  improvements  in  manufacture,  etc.,  or  as  new  types 
may  make  the  old  ones  less  valuable. 

The  question  of  when  the  "  fifty  per  cent  method  "  should  be 
used  is  one  requiring  careful  judgment.  It  is  interesting  to  ob- 
serve that  when  the  Third  Avenue  Receiver,  as  Mr.  Floy  tells 
us,  refuses  to  provide  for  depreciation,  on  the  plea  that  the 
property  has  so  many  elements  that  all  deterioration  is  simply 
wear  and  tear,  and  to  be  charged  as  maintenance,  he  really  applies 
the  "  Fifty  per  cent  method  "  to  his  entire  system,  and  in  effect 
inventories  his  property  then  and  there  at  60  per  cent  of  its  re- 
placement value.  If  he  is  correct  in  his  notion  as  to  main- 
tenance, the  system  may  be  easily  appraised. 

.Use  of  Terms,  The  suggestions  made  by  Mr.  Floy  on  the 
subject  of  a  more  general  agreement  on  terms  are  very  wise. 
It  would  seem  appropriate  for  the  Institute,  through  some  of  its 
committees,  to  take  up  the  whole  question  of  terminology  in 
connection  with  depreciation,  and  assign  very  definite  meanings 
to  the  commonly  used  terms,  and  perhaps  to  coin  new  words 
if  desirable.  Such  a  committee  might  well  work  in  connection 
with  committees  from  the  other  societies,  as  all  are  equally 
interested. 

P.  H.  Thomas:  Mr.  Floy  has  given  us  a  valuable  paper  on 
the  subject  of  deprecijation  and  has  clearly  brought  out  a  number 
of  matters  which  are  at  present  the  subject  of  wide  controversy. 
There  seems  to  be  an  endless  line  of  opinions  and  theories  as  to 
what  constitutes  the  logical  basis  for  the  disposal  of  many  of 
the  questions  arising  in  assigning  depreciation  rates  in  actual 
cases  and  more  broadly  in  the  matter  of  the  determination  of 
rates  and  utility  investment  values.  Such  matters  are  good 
will,  promotion  expenses,  cost  of  building  up  a  business,  in- 
surance, engineering,  etc. 

Is  it  not  clear,  however,  as  a  matter  of  public  welfare,  and 
common  sense  that  there  is  but  one  soimd  and  logical  rule  by 
which  all  such  questions  must  be  judged,  namely,  whether  under 
the  ruling  proposed  the  capital  invested  will  receive  a  sufficient 
return  to  warrant  its  leaving  other  available  lines  of  investment 
for  public  utility  plants,  this  being  the  sort  of  property  now 
under  discussion.  The  community  must  have  its  utility  plants 
developed  and  extended  continually,  and  while  it  is  u'nder  no 
obligation  to  contribute  in  any  degree  for  the  benefit  of  the 
capitalist,  it  must  make  its  offer  attractive  enough  to  secure 
takers.  It  may  be  and  in  fact  is  possible  to  force  a  company 
which  is  already  involved  in  a  partictdar  plant  to  do  things  it  is 
inequitable  to  require  and  even  to  make  some  extensions  to  save 
a  portion  of  the  investment  already  made,  which  cannot  be 
withdrawn,  but  this  policy  would  in  the  long  run  end  in  stopping 
all  development  and  furthermore  is  obnoxious  to  otu"  sense  of 
justice. 
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From  this  point  of  view  it  is  relatively  easy  to  determine  the 
disposal  of  many  of  the  disputed  questions.  Would  the  par- 
ticular expenses  sought  to  be  added  to  capital  account  be  neces- 
sarily incurred  were  the  plant  to  be  reestablished  under  the 
original  conditions'^  The  costs  of  preliminary  studies,  within 
reasonable  limits,  the  costs  of  engineering,  insurance,  the  cost  of 
building  up  the  business,  the  losses  and  inadequate  profits  during 
the  early  years,  interest  charges,  and  all  such  expenses  are  neces- 
sary steps  in  the  establishment  of  such  a  plant  and  are  a  legiti- 
mate part  of  the  investment.  On  the  other  hand,  the  cost  of 
mistakes,  bad  judgment,  discounts  or  profits  which  are  paid  to 
persons  or  corporations  for  some  reasons  other  than  the  necessity 
of  the  plant  itself  would  not  be  legitimate  additions  to  the 
capitalization.  This  exception  should,  however,  be  noted  that  a 
stdtable  percentage  added  to  actual  cost  due  to  mistakes  or 
accidents,  etc.,  should  be  allowed  to  the  extent  actually  fotmd 
in  similar  undertakings  carried  out  with  average  good  judgment. 
Promotion  expenses  should  usually  be  small  in  public  utilities 
as  such  systems  usually  grow  from  a  small  size  with  the  de- 
velopment of  the  community. 

On  the  basis  here  set  forth  the  cost  to  reproduce  new  is  not  a 
fair  measure  of  the  value  of  the  plant.  It  should  be  the  cost  to 
reproduce  again  under  exactly  the  same  conditions  that  existed 
when  the  plant  was  actually  developed.  But  in  practice  on 
accotmt  of  the  great  difficulty  of  fairly  determining  such  a  cost 
imder  the  old  conditions  it  is  customary  to  determine  the  cost 
new  as  a  guide.  Many  appraisers  in  relying  mainly  on  the  cost 
to  reproduce  new  seem  to  consider  that  the  records  and  books 
of  the  company  are  so  confused  and  interlaced  with  legitimate 
and  illegal  expenditures  that  it  is  hopeless  to  try  to  sort  them 
out.  This  is  a  dangerous  precedent  from  the  point  of  view  of 
securing  fresh  capital  and  suggests  the  importance  of  keeping 
the  books  so  that  legitimate  expenses  can  all  be  shown,  with 
their  justification,  at  a  later  period,  and  with  enough  detail 
so  that  suspicion  cannot  be  thrown  on  the  totals. 

There  is  another  aspect  of  these  discussions  which  has  not 
been  very  clearly  stated.  In  most  cases  of  the  determining  of 
depreciation  or  in  rate  making,  we  may  either  strive  to  determine 
what  the  precedents  of  the  courts  state  to  be  the  law,  leading  to 
the  probable  immediate  holding  in  any  given  case,  or  we  may 
consider  what  is  the  ideal  or  logical  or  wise  or  fair  determination. 
While  in  one  sense  the  precedents  of  the  courts  are  fixed  rules,  it 
is  nevertheless  true  that  the  decisions  must  ultimately  meet 
the  sense  of  public  fairness  and  good  policy,  either  through 
additional  legislation  or  otherwise  and  that  the  continual  dis- 
cussion of  the  ideal,  that  it  may  be  clear  and  well  recognized,  is 
of  the  greatest  importance  to  the  community.  It  is  gratifying 
to  note  that  the  spirit  of  intelligent  fairness  seems  to  be  rapidly 
spreading,  in  spite  of  certain  somewhat  radical  tendencies  that 
appear. 
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Wm.  A.  Del  Mar:  In  the  summary  of  his  paper,  Mr.  Floy 
gives  first  place  to  the  following  feature. 

"  The  necessity  of  a  more  general  agreement  on  and  uniform 
use  of  the  terms  used  in  considering  and  discussing  the  subject 
of  depreciation,  by  the  engineering  profession.'* 

Mr.  Floy  is  to  be  commended  for  pressing  the  importance  of 
this  point,  for  in  most  of  the  literature  on  the  subject  of  de- 
preciation the  meaning  of  the  principal  terms  has  to  be  pain- 
fully ascertained  from  the  context.  Unfortunately  our  author, 
while  generously  assisting  others  over  the  pitfalls  of  loose  phrase- 
ology, himself  falls  into  them,  dragging  the  reader  into  the  very 
trap  that  he  set  out  to  save  them  from.  For  example,  he 
defines  the  word  depreciation  in  two  different  ways.  The  first 
definition  is  as  follows. 

"  Webster  defines  *  depreciation  '  as  the  act  or  state  of  lessen- 
ing the  worth  of  and  in  this  sense  it  will  be  used  by  the  writer. . .". 

The  second  definition  which  occurs  only  twenty  lines  after  the 
first  says  that  "  depreciation  has  been  used  to  mean — 

"  The  annual  amount  expressed,  as  a  percentage  or  in  dollars 
that  should  be  laid  aside  to  renew  or  replace  the  article  in  question 
at  the  time  of  its  abandonment,  plus  the  annual  expense  of 
maintenance  of  repair  expended  in  removing  such  part  of  de- 
preciation as  is  practicable  and  good  economy.  This  then  in- 
cludes all  classes  of  '  lessening  of  worth  '  and  is  the  application 
of  the  term  preferred  by  the  writer.     .     .     .". 

The  first  definition  says  that  depreciation  is  the  state  of  some- 
thing and  the  second,  that  it  is  an  amount  that  may  be  expressed 
in  dollars.  If  both  are  to  be  accepted  it  must  follow  that 
**  states  of  something  "  can  be  measured  in  dollars,  a  point  of 
view  that  opens  up  a  new  era  in  political  economy  and  the 
theory  of  dimensions!  I  fear,  however,  that  science  is  not 
destined  to  be  enriched  by  such  a  discovery,  as  many  readers 
will  notice  that  the  second  definition  is  invalidated  and  rendered 
useless  by  the  fact  that  it  defines  depreciation  in  terms  of  itself. 

Later  in  the  paper,  wear  and  tear,  decrepitude,  supersession 
and  obsolescence  are  defined  as  classes  of  depreciation.  It  is 
obvious  that  our  author  here  follows  his  first  definition,  but  with 
the  result  that  he  tries  to  measiu-e  supersession  and  obsolescence 
•in  dollars,  which  is  impossible  because  the  physical  dimensions 
of  these  two  quantities  are  indeterminate  while  that  of  a  dollar, 
as  explained  below,  is  determinate  and  known.  If  Mr.  Floy 
had  defined  depreciation  as  a  lessening  of  value  and  then  said 
that  supersession,  obsolescence,  etc.,  were  causes  (not  classes), 
of  depreciation  he  would  have  kept  out  of  this  confusion. 

If  carelessness  occurs  in  the  definition  of  depreciation,  what 
shall  be  said  of  the  following  use  of  the  word  valuable? 

"  On  the  other  hand,  apparatus  that  is  in  use  and  rendering 
a  service  economically,  may  for  the  purpose  for  which  it  was 
intended,  be  as  valuable  as  when  originally  installed,  although 
its  age  may  be  approaching  the  limit  of  its  life." 

Is  it  possible  that  our  author  does  not  distinguish  between 
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"  useful  "  and  "  valuable  '^  that  he  uses  the  latter  term  to  mean 
the  former?  Apparently  not,  for  it  is  obvious  from  what  follows 
that  the  confusion  is  one  of  ideas  and  not  merely  of  words. 
Thus,  curves  1,  2  and  6,  he  says,  "  may  be  taken  to  represent 
absolute  depreciation  "  by  which  he  means  loss  of  utility  y  while 
curves  3,  4,  and  5  represent  "  theoretical  depreciation  "  by  which 
he  means  loss  of  value.  The  fallacy  of  Fig.  1  is  the  attempt  to 
measure  utility  in  dollars  which  are  obviously  incapable  of  mea- 
suring an3rthing  but  value. 

Another  example  of  the  confusion  of  the  terms  value  and  utility 
occurs  under  "  Service  Value." 

"  Physical  property,  honestly  and  intelligently  purchased 
with  a  view  to  its  stdtableness  for  the  service  intended,  aside 
from  some  hidden  defect  or  imtoward  accident  maintains  its 
original  value  practically  throughout  its  life,  etc." 

Does  Mr.  Floy  mean  value  where  he  says  value,  or  does  he 
mean  utility?  This  is  only  one  case  out  of  a  score,  where  the 
meaning  is  doubtful,  and  the  same  criticism  applies  to  many 
other  words. 

Leaving  the  field  of  corrective  criticism  and  entering  that  of 
constructive  thought,  let  us  consider  a  few  definitions  which  are 
not  open  to  the  objections  cited  above. 

The  value  of  a  commodity  or  service  is  the  inverse  ratio  of  the 
amount  of  that  service  or  commodity,  to  the  amount  of  another 
service  or  commodity  which  it  can  be  exchanged  for.  Value  is 
therefore  a  ratio  and  according  to  modem  political  economists, 
is  proportional  to  the  ratio  of  two  ntmibers,  one  of  which  is  the 
ratio  between  the  demand  and  supply  of  a  service  or  com- 
modity at  a  given  place  and  time,  and  the  other  the  ratio  be- 
tween the  demand  and  supply  of  another  service  or  commodity 
at  the  same  place  and  time.*  Expressed  mathematically  it  is  as 
follows: 

5 
Value  oc-r- 
a 


where  D  and  d  represent  demand  and  5  and  s  represent  supply. 
The  physical  dimensions  of  value  are  therefore  undeniably  those 
of  a  ratio  or  mmiber. 

The  magnitude  of  the  ratio  appears  when  an  exchange  is 
effected,  or  proposed  and  therefore  to  all  intents  and  purposes  is 
nonexistent  without  an  actual  or  potential  exchange. 

Just  as  an  angle  is  measured  by  the  ratio  of  its  magnitude  to 
the  entire  circle,  so  a  value  is  measiu-ed  by  the  ratio  of  its  magni- 
tude to  the  entire  sum  of  exchanges  effected  in  some  arbitrary 
time,  say  a  year.     The  equation  of  value  and  money  is  as  follows: 

A--D  V 
*  Science  of  Money,  Alex.  Del  Mar. 
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where  A  rvalue  of  the  stun  of  all  the  exchanges  effected  with 
money,  per  annum. 
I>  =  ntimber  of  dollars  in  circulation. 
F=ntmiber  of  times  per  annum  that  each  dollar  is  used, 
usually  called  the  velocity  of  circulation 
Expressed  in  terms  of  their  ultimate  physical  dimensions 

i4  is  a  value,  which  is  a  number,  divided  by  a  time  <>r  I  -=;  I 

Z?  is  a  number  represented  by  [1] 

F  is  a  number  divided  by  a  time,  or  I  -=;  I 

Hence  our  equation  checks  by  dimensions  I  "^^  |  =  |  IX-^  I 

The  time  element  may  be  eliminated  from  the  equation  by 
dividing  each  side  by  T.  Performing  this  elimination  we  obtain 
a=DVj  where  v  is  the  nimiber  of  times  each  dollar  is  used  while 
exchanges  to  the  value  of  a  dollars  are  effected  with  money. 
Hence  an  exchange  which  involves  \/n  of  the  total  value  of  all 
exchanges  will  require  l/«th  of  D  v,  which  therefore  is  the  mea- 
sure of  value  involved  in  that  exchange.  The  physical  dimen- 
sions oi  Dv  are  the  same  as  those  of  2),  that  is  to  say  a  number. 
All  this  is  very  simple,  but  the  number  of  people  who  write  on 
depreciation  and  don't  know  it,  is  legion. 

Value  being  a  number  and  its  unit  sdso  a  number,  the  physical 
dimensions  of  money  are  those  of  a  number,  and  do  not  involve 
time,  mass  or  length.  Hence  money  cannot  measure  anything 
that  involves  time,  mass  or  length.  Now  utiUty  is  not  a  ratio 
or  number;  it  is  a  complex  quantity  incapable  of  mathematical 
expression  and  having  no  unit.  A  gold  nugget  might  have  been 
useful  to  Robinson  Crusoe,  but  its  value  in  dollars  on  Crusoe's 
islaia.d  was  certainly  zero.  Utility  not  being  reducible  to  the 
physical  dimensions  of  money  it  is  as  futile  to  try  to  measure 
utility  in  dollars  as  to  measure  distance  in  pound  weights.  Yet 
by  disguising  loss  of  utility  under  the  name  of  "  absolute  depre- 
ciation "  Mr.  Floy  attempts  to  perform  this  impossible  feat. 
By  substituting  "  percentage  of  original  utility  "  for  the  word 
"  dollars,"  in  his  Fig.  1  our  author  would  have  made  his  meaning 
clear  without  using  absurd  expressions,  although  an  attempt  to 
measure  utility  or  any  other  quantity  having  no  unit  is  apparently 
vain. 

This  excursion  in  to  the  realm  of  elementary  monetary  science 
seems  necessary  because  depreciation  relates  to  a  change  in  value 
expressed  in  money  and  this  change  cannot  be  clearly  imder- 
stood  without  a  clear  conception  of  what  it  is  that  changes. 

Another  element  in  the  conception  of  depreciation,  is  deteriora- 
tiouy  which  may  be  defined  as  any  change  in  a  property  due  to 
wear  and  tear  or  the  ravages  of  the  elements,  which  tends  to 
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impair  either  its  usefulness  or  its  life.  Akin  to  deterioration,  is 
loss  of  useful  association  J  which  may  be  defined  as  any  change  in 
the  associations  of  a  property,  which  tends  to  impair  its  useful- 
ness or  life.  Finally  before  coming  to  depreciation  itself,  it  is 
necessary  to  define  obsolescence  as  loss  of  commercial  utility 
in  any  property,  due  either  to  the  advent  of  superior  substitutes 
or  to  its  own  inadequacy  to  meet  new  conditions. 

Depreciation  may  be  defined  as  a  lessening  of  value  due  to 
deterioration,  loss  of  useful  association  or  obsolescence. 

Deterioration  can  be  approximately  predetermined  from  the 
results  of  experience,  while  loss  of  useful  association  and  ob- 
solescence are  of  a  more  speculative  character  and  less  amenable 
to  computation.  While,  therefore,  it  is  possible  to  estimate 
to  some  degree  of  accuracy,  how  much  it  will  cost  to  overcome 
deterioration,  it  is  possible  only  to  bet  or  insure  against  ob- 
solescence and  loss  of  useful  association. 

The  expression  replacement  cost  means  the  cost  of  replacing  an 
existing  property  by  a  new  one  either  identical  with  it  or  pos- 
sessing equsd  utility. 

On  account  of  deterioration,  it  is  necessary  to  make  replace- 
ments and  repairs.  Those  replacements  and  repairs  which  occur 
frequently,  or  which  severally  cost  a  small  portion  of  the  whole 
replacement  cost,  should  be  made  when  required,  paid  for  out 
of  the  annual  earnings  and  charged  to  direct  operating  expenses. 
Such  charges  are  called  maintenance  charges. 

Replacements  which  occiu-  infrequently  and  which  cost  an 
important  proportion  of  the  whole  replacement  cost,  cannot  be 
paid  for  out  of  the  annual  earnings  without  causing  exaggerated 
operating  charges  in  given  years,  unless  a  proper  sum  is  set  aside 
each  year  to  provide  in  advance  for  the  impending  replacements. 
Such  a  sum  is  called  a  depreciation  charge  and  the  accumulated 
fund  made  up  of  these  annual  sums  and  the  interest  thereon,  if 
invested,  is  called  a  depreciation  fund.  Considering  only  those 
elements  of  a  property  whose  depreciation  is  offset  by  a  deprecia- 
tion fund,  we  may  state  as  a  general  principle,  that  the  ideal 
condition  is  that  the  depreciated  value  plus  the  depreciation 
fund  should  at  all  times  be  equal  to  the  replacement  cost. 

This  completes  a  set  of  definitions  which  are  proposed  in  place 
of  the  corresponding  ones  used  in  the  paper  under  discussion. 

Mr.  Floy's  paper  contains  a  great  deal  that  is  valuable  upon 
this  important  subject  and  it  is  to  be  regretted  that  the  pres- 
entation of  such  an  elaborate  research  should  be  disappointing 
in  the  very  feature  that  its  author  apparently  set  out  to  perfect, 
namely  the  uniform  and  correct  use  of  the  terms  used  in  the  dis- 
cussion of  depreciation. 

F.  W.  Harris:  Mr.  Floy  says  that  by  the  second  plan  consumer 
saves  25  per  cent.  I  do  not  think  this  is  so  broadly  considered 
and  I  cannot  see  that  the  consumer  saves  anything  with  pre- 
vailing interest  rates  considered.  What  happens  is  that  each 
year  the  corporation  borrows  an  additional  $100,000  and  charges 
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the  interest  to  the  consumer.  This  is  fair  to  the  consumer  and 
if  the  rate  of  interest  is  a  fair  one  is  financially  equal  to  paying  it. 
This  is  readily  seen  if  the  consumers  are  considered  as  each  year 
putting  aside  $100,000  at  6  per  cent  and  each  year  paying  the 
interest  therefrom  plus  $60,000  to  the  corporation.  At  the  end 
of  50  years  the  consumers  will  have  a  sinking  fund  of  $5,000,000 
and  the  corporation  will  have  a  debt  of  $5,000,000. 

While,  however,  such  a  course  as  outlined  in  the  first  plan  is 
fair  to  the  consumer  and  practically  equivalent  to  the  second 
plan  it  is  suicidal  to  the  corporation  due  to  the  diflBculty  of  prop- 
erly securing  this  loaned  depreciation.  The  corporation  is  in 
reality  loaning  its  customers  $100,000  a  year  without  security. 
Such  a  course  would  be  the  height  of  folly  but  there  are  many 
corporations  today  which  are  on  a  smaller  scale  persisting  in  just 
such  a  course. 

Mr.  Floy's  paper  is  aimed  at  such  and  is  to  be  commended 
but  his  statement  regarding  consumer's  position  does  not  seem 
to  me  sound  and  as  tWs  is  an  important  subject  I  have  ventured 
to  comment  as  above. 

Horatio  A.  Foster:  Mr.  Floy  has  covered  quite  fully  in  his 
paper  about  all  the  ground  work  of  the  subject  but  I  wish  to  add 
to  his  definition  of  the  word  depreciation  the  following:  theoreti- 
cally, depreciation  of  an  object  is  that  deterioration  in  its  value 
that  cannot  be  made  good  by  repairs  nor  can  it  be  made  good 
in  any  way  except  by  full  replacement  or  renewal.  From  a 
bookkeeping  standpoint  we  must  get  away  from  the  ordinary 
conception  of  depreciation  that  it  is  just  wear  and  tear  because 
in  making  the  changes  on  the  books  the  wear  and  tear  and  what 
is  termed  deferred  maintenance  are  all  chargeable  in  operating 
expenses.  In  evaluating  a  property,  however,  all  these  condi- 
tions of  wear  and  tear  and  deferred  maintenance  are  considered 
with  the  depreciation  the  definition  of  which  thus  becomes,  any 
lessening  of  worth  at  the  moment  of  appraisal. 

With  the  possibility  of  repeating  I  will  try  to  add  somewhat 
to  the  discussion.  Every  piece  of  physical  property  begins  to 
wear  out  or  deteriorate  the  minute  it  is  started  in  operation. 
To  be  sure  in  many  cases  this  is  very  slow,  in  very  many 
cases  it  is  not  only  slow  but  if  there  were  no  obsolescence  or 
inadequacy  it  would  probably  give  good  service  for  many  years. 
But  as  it  continues  to  wear  out,  and  as  repairs  are  continually 
made  in  the  endeavor  to  keep  the  property  up  as  near  its  original 
value  as  possible,  it  is  probable  that  the  average  of  the  lack  of 
repairs  on  a  whole  property  would  approximate  15  per  cent  or  if 
the  property  were  maintained  in  very  high  class  condition  the 
average  of  this  lack  of  repairs  might  be  10  per  cent.  It  is  utterly 
impossible,  however,  that  taken  at  any  moment,  the  value  of  the 
whole  property  could  be  100  per  cent  of  its  original  cost.  I 
am  speaking  now,  of  course,  of  the  original  property  only  and  not 
additions  thereto.  Therefore,  in  order  that  the  capital  may  be 
niaintained  at  its  full  value,  it  will  be  necessary  to  have  ac- 
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cumulated  a  surplus  or  depreciation  fund,  or  renewal  fund,  cover- 
ing this  15  per  cent,  or  the  capital  will  be  reduced  in  value  just 
that  amount.  There  is  another  method  which  Mr.  Floy  has 
touched  upon  but  which  I  think  deserves  a  little  larger  notice 
and  that  is  what  he  calls  the  "  fifty  per  cent  method  '*  of  depre- 
ciation. This  is  only  applicable  to  such  large  numbers  of  items 
of  the  same  kind  or  nature  as  depreciate  in  common  and  as  they 
wear  together  through  a  cycle  of  repairs,  get  into  one  general 
average  condition,  for  it  can  be  mathematically  proven  that 
when  a  number  of  articles  such  as  a  ntunber  of  street  car  motors 
have  all  been  in  the  shop  for  putting  into  thoroughly  good 
order,  the  value  of  these  motors  new  may  be  decreased  by  one-half 
of  the  total  cost  of  the  total  repair  on  a  motor;  that  is,  the  value 
of  each  one  of  the  lot  will  be  first,  the  total  value  of  that  portion  of 
the  motor  which  can  not  be  depreciated,  or  that  portion  we  might 
say  which  is  always  worth  scrap  value,  or  may  be  said  to  be 
worth  a  certain  arbitrary  value,  say  25  per  cent,  of  the  cost 
new,  plus  one-half  of  the  cost  of  the  total  repair  to  the  motor; 
that  is,  the  cost  of  repairs  to  everything  that  can  be  repaired. 

Spealdiig  electrically,  the  question  of  depreciation  in  connec- 
tion with  arc  lamps,  meters,  and  pole  transformers  should  be 
given  thorough  consideration  in  any  valuation,  for  the  reason 
that  these  smaller  items  change  in  type  so  fast,  wear  out  so  soon, 
and  are  changed  around  so  much  that  they  arie  of  no  value  at  the 
end  of  10  years,  and  often  in  much  less  time.  In  fact,  I  believe 
the  larger  companies  depreciate  them  fully  1/10  per  annum, 
for  the  reason  that  they  go  out  of  style  so  soon  and  that  new 
forms  are  produced  to  replace  them  which  are  so  superior  that 
no  excuse  can  be  foimd  for  holding  over  the  old  ones. 

It  would  be  interesting  to  learn  how  Mr.  Floy  would  treat  the 
property  of  the  Massachusetts  street  railways  some  of  the  values 
of  which  have  been  entirely  wiped  out  by  re-organization.  For 
example,  take  the  property  of  the  Sprin^eld  street  car 
system  which  was  a  good  type  of  horse  railway,  and  when  it 
was  electrified  nearly  the  entire  property  then  existing  had  to  be 
abandoned,  the  horses  sold,  the  car  houses  rebuilt  or  removed, 
the  stables  destroyed  or  used  for  storehouses,  the  track  entirely 
reconstructed,  and  to  this  cost  was  added  that  of  the  power- 
houses, new  car  houses  and  new  cars,  all  of  the  old  ones  being 
of  no  use  under  the  new  construction. 

If  an  appraisal  of  the  property  of  the  Springfield  Street 
railways  were  to  be  made  at  this  moment  the  only  values  found 
would  be  those  of  the  electrified  property  and  nothing  would 
be  found  of  the  original  possessions  covered  by  the  firet  capi- 
talization except  the  land.  The  question  is,  what  has  become  of 
this  original  capital,  and  still  further,  what  has  become  of  it  on 
the  books  of  the  company,  or  how  has  it  been  treated  by  the 
Massachusetts  Railway  Commission?  It  is  the  writer's  view 
that  an  amortization  fund  should  have  been  established  to 
gradually  wipe  out  the  original  capital,  or  perhaps  better  say, 
the  cost  of  the  original  road. 
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As  a  matter  of  fact,  we  are  all  merely  guessing  at  depreciation 
and  its  extent  as  no  electrical  apparatus  has  yet  been  installed  for 
a  time  long  enough  to  determine  its  actual  life.  I  think  I  ajn  safe 
in  saying  that  no  one  in  this  Toom  has  ever  seen  a  worn  out 
Corliss  engine  and  it  was  the  writer's  pleasure  recently  to  have 
seen  the  first  three-phase  dynamo  installed;  that  at  Red- 
lands,  Cal.,  which  was  put  in  place  in  1895,  I  believe,  and  is 
still  doing  most  excellent  duty. 

J.  G.  Hirsch:  Probably  no  discussion  is  of  more  general 
interest  to  the  engineering  profession  than  one  covering  some 
phase  of  what  might  be  styled  engineering  finance  or  accotmting, 
such  as  that  by  Mr.  Floy.  The  ultimate  analysis  in  most  engi- 
neering imdertakings  is  in  dollars  and  cents,  and  the  weakness  of 
engineers  on  cost  and  its  analysis  is  an  old  story.  The  advent 
of  Public  Service  Commissions  and  the  necessity  for  satisfactory, 
detailed  discussion  of  the  financial  aspects  of  especially  the 
power  projects  of  today  must  force  the  engineer  to  the  fore  on 
the  subject,  due  to  the  fact  that  he  has  the  pre-reqtdsite  tmder- 
standing  of  the  technical  considerations. 

In  making  estimates,  I  feel  certain  that  it  has  been  the  custom 
of  many  engineers  to  give  little  more  consideration  to  provision 
for,  and  operation  of,  depreciation,  than  to  setting  down  a 
certain  rate  for  the  interest  on  the  investment  as  a  fixed  charge. 

The  application  of  the  terms  depreciation,  obsolescence  and 
amortization  has  been  bewildering  to  me.  This  much  can  be 
said,  that  they  all  operate  as  a  charge  on  the  operation  of  the 
enterprise.  The  acceptance  of  a  single  term,  depreciation,  and 
its  proper  definition,  reduction  of  worth,  will  eliminate  confusion. 
The  term  should  not  be  confounded  with  the  annual  depreciation 
**  charge  ",  which  is  made  to  provide  for  the  "  loss  of  worth  ", 
or  the  "  depreciation  fund  "  or  "  depreciation  reserve  fund  " 
(the  latter  to  distinguish  from  a  sinking  fund)which  has  accumu- 
lated up  to  a  given  time  in  the  life  of  an  item.  In  my  opinion 
it  is  not  wise  to  generally  consider  a  depreciation  fund  as  re-* 
lated  to  a  sinking  fund  in  the  sense  of  a  provision  for  contin- 
gencies. The  provision  of  a  sinking  fund  proper  has  its  own  field. 
In  this  connection  I  gather  that  Mr.  Floy  wotdd  combine  provi- 
sion for  depreciation  and  the  cost  of  maintenance  and  repairs  in 
one  item  of  charge.  I  regard  a  depreciation  charge  as  one  of 
fixed  aimual  amount,  based  on  the  assumed  useful  life  of  the 
property;  maintenance  and  repairs  are  quite  dependent  on  the, 
particularservice  required  of  the  plant,  and  the  attention  given 
in  its  proper  care.  The  amount  of  charges  for  maintenance  and 
repairs  is  then  dependent  on  the  operation  of  a  plant  or  property 
in  much  the  same  way  as  the  care  of  firing  a  boiler,  for  instance^ 
will  determine  the  fuel  cost.  Then  is  not  a  charge  for  main- 
tenance and  repairs  properly  an  operating  charge?  It  is  ad- 
mitted that  in  the  case  of  an  extended  system  with  numbers  of 
similar  items,  the  distinction  between  maintenance  and  repair 
charges,  and  depreciation  charges,  may  be  considered  of  such 
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minor  importance  as  to  be  dropped  in  accounting,  but  the 
principle  remains,  for  the  extended  system  is  quite  the  exception 
to  the  rule. 

While  I  agree  with  Mr.  Floy  that  the  application  to  be  made  of 
figiu'es  for  depreciation  charges  should  be  known  when  the 
figiu'es  are  decided  upon,  I  feel  that  the  underlying  principles 
which  determine  the  figures  are  definitely  fixed  except  in  very 
special  cases.  In  this  connection  he  designates  certain  reduc- 
tions of  worth  as  theoretical  and  others  as  absolute.  If  the  value 
of  a  plant  is  to  be  estimated  for  any  purpose  it  is  only  fair  to 
consider  its  remaining  useful  life  in  fixing  the  value.  The  value 
of  a  property  is,  therefore,  directly  dependent  upon  its  remaining 
useful  life  at  the  time.  It  seems  to  me  that  this  proposition  is 
no  different  from  the  purchase  of  a  horse  on  the  basis  of  age. 
From  the  financial  standpoint,  with  proper  management  and 
accounting,  the  sum  of  plant  value  and  the  depreciation  fund, 
at  a  given  time,  equals  original  investment.  A  going  jplant 
maintains  practically  constant  profit  earning  power  throughout 
its  useful  life,  about  as  indicated  by  Curve  6  of  the  paper,  drop- 
ping off  slightly  during  the  period  of  life  owing  to  loss  of  effi- 
ciency and  deterioration  which  cannot  be  removed  by  repair. 
Also,  an  abstract  lot  of  plant  equipment  drops  off  in  value  im- 
mediately after  purchase,  about  as  shown  by  Curves  1  and  2  of 
the  paper.  Now  as  plants  or  other  engineering  works  are  built 
with  the  intention  of  their  being  operating  business  propositions 
over  the  period  of  their  useful  life  at  least,  and  as  the  remaining 
total  earning  power  becomes  less  year  by  year  in  direct  proportion 
to  the  life  remaining,  therefore,  the  value  of  the  property  must 
decrease  uniformly  throughout  the  period.  The  facts  remain 
even  though  no  depreciation  fimd  is  maintained,  where  a  faulty 
business  management  fails  to  make  provision  for  keeping  the 
investment  unimpaired,  as  in  the  case  of  many  municipalities 
which,  once  the  lighting  or  water  works  plant  is  in  operation, 
T^rovide  appropriations  sufficient  to  cover  running  expenses 
only,  interest  on  the  investment  being  usually  paid  from  a 
general  fimd,  and  depreciation  not  at  all  provided  for  until  de- 
manded by  the  maturity  of  the  bonds.  When  estimating  the 
cost  of  production  or  operating  expense  in  reporting  upon  a 
proposition,  or  when  investigating  an  operating  plant,  charges 
for  depreciation  are  uniformly  distributed  over  the  period  as- 
sumed as  limiting  its  useful  life,  in  order  that  capital  may  be 
returned  at  the  same  rate  that  remaining  total  earning  power 
decreases. 

The  above  considerations  argue  for  uniform  reduction  in 
worth  as  the  actual  depreciation  of  a  going  plant,  (uniform 
depreciation  charges,  such  as  indicated  by  Curve  3,  or  the  straight 
line  method)  and  as  the  practical  and  logical  method  of  providing 
a  depreciation  fimd,  as  against  Mr.  Floy's  designation  theoreti- 
cal to  this  method. 

The  method  indicated  by  Curve  4  is  a  legitimate  distortion 
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of  Curve  3,  developed  by  the  financial  consideration  that  all  idle 
funds  should  be  put  out  at  interest.  A  method  such  as  that 
represented  by  Ctu^e  5  is  a  distortion  of  the  real  principles  of 
providing  for  depreciation,  developed  for  special  considerations 
in  accounting  or  business  administration. 

In  considering  obsolescence,  any  difference  in  value  of  an 
item,  at  the  time  of  its  replacement,  and  its  salvage  or  scrap 
value,  shoxild  be  charged  as  capital  added  to  the  investment  in 
new  eqtdpment  replacing  the  old.  If  the  replacement  is  not  a 
good  investment  when  burdened  with  this  charge,  it  is  not 
justified.  This  point  is  clearly  expounded  in  a  paper  on  in- 
dustrial power  costs  by  M.  O.  Jenkins  of  the  New  York  Edison 
Company  in  the  June  20  issue  of  Power. 

I  am  of  the  opinion  that  any  figures  which  might  be  collected 
for  the  life  of  plants  or  apparatus  would  be  very  imreliable  unless 
accompanied  by  statements  of  the  economy  of  the  apparatus 
and  the  cost  of  maintenance  at  the  time  of  replacement.  De- 
ferred maintenance  will  greatly  shorten,  and  extended  main- 
tenance and  repair  will  considerably  lengthen  the  life  of  property 
and  eqtdpment.  It  has  been  my  experience  that  industrial  con- 
cerns and  municipalities  which  do  not  regularly  maintain  tech- 
nical supervision  do  not  rightly  appreciate  the  propriety  of  alter- 
ations and  replacements  to  increase  economy  and  better  service; 
as  long  as  a  property  nms  without  failure  it  is  satisfactory, 
even  long  after  its  useful  life  has  expired,  as  evidenced  by  de- 
creased efficiency  and  excessive  maintenance  charges. 

I  suggest  that  it  would  be  most  valuable  to  standardize 
averages  for  economical  and  useful  lives  of  various  equipments 
and  structures  as  indicated  by  the  judgment  of  engineers  of 
broad  experience,  through  cooperative  work  by  the  three  Nat- 
tional  Engineering  Societies. 

Alien  S,  Miller:  I  feel  constrained  to  discuss  Mr.  Floy's 
paper  briefly  for  the  purpose  of  accentuating  a  few  of  the  many 
good  points,  and  for  the  purpose  of  going  on  record  as  differing 
from  the  author  in  certain  other  points.  There  are  many 
important  truths  found  in  the  paper  they  should  be  carefully 
studied  and  understood  by  every  engineer  who  undertakes  to 
estimate  the  reproduction  cost  and  the  rate  of  accruing  deprecia- 
tion of  any  piece  of  property. 

Under  Development  Expenses,  etc.,  it  is  stated:  "  Any  one  of 
these  terms  is  generally  used  to  include  certain  expenses,  which, 
while  a  necessary  part  of  the  complete  cost  of  a  going  property, 
are  not  costs  inherently  a  part  of  the  construction  of  the  physical 
property,  as  such." 

This  statement  is  somewhat  ambiguous.  It  is  well  known  to 
every  engineer  and  investor  that  the  plant  cannot  be  built  and 
the  property  put  on  an  earning  basis  without  these  expenses. 
Such  being  the  case,  they  are  an  essential  part  of  the  cost. 

In  view  of  the  general  lack  of  understanding  of  this  subject, 
it  would  be  well  if  engineers  would  always  include  the  overhead 
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charges  in  making  statements  of  cost,  and  make  a  special  note 
if  they  are  not  so  included. 

Under  Good  Will  Mr.  Floy  states:  '*  A  monopoly,  as  is  gen- 
erally admitted,  has  no  good  will  which  can  be  evaluated." 
In  the  first  place,  no  gas  or  electric  light  company  is  a  monopoly. 
As  a  rule  they  are  under  different  managements  so  that  the 
customer  may  always  use  gas  or  electricity  for  light  or  power, 
assuming  that  there  are  no  competing  gas  or  electric  companies 
in  the  territory.  In  addition,  illuminating  oil,  gasolene  and 
private  power  plants  provide  efficient  sources  of  light  and  power 
which  are  sufficient  to  make  people  independent  and  to  prevent 
any  one  company  from  securing  a  monopoly.  This  being  the 
case,  anyone  who  has  managed  a  large  gas  or  electric  property 
knows  that  there  is  such  a  thing  as  Good  Will  and  that  good  will 
has  a  very  great  value. 

Mr.  Floy  criticizes  the  action  of  many  companies  in  charging 
to  capital  accotmt  replacements  due  to  obsolescence. 

An  examination  of  the  electric  light  and  street  railway  prop- 
erties of  the  larger  cities  of  the  world,  shows  that  the  property 
has  depreciated  so  rapidly  through  obsolescence  that  few  of  the 
companies  have  earned  their  interest  and  depreciation.  A 
quotation  is  given  from  the  opinion  of  Justice  Brewer,  delivered 
in  1904,  as  follows:  ''  It  is  not  always  reasonable  to  cast  the 
entire  biu"den  of  the  depreciation  on  those  who  have  invested 
their  money  in  railroads."  Under  many  conditions  the  capi- 
talizing of  property  that  replaces  other  property  which  has  be- 
come obsolete  is  not  only  not  an  error  but  is  eminently  proper 
from  the  point  of  view  of  the  investor  and  the  public. 

Obsolescence  is  shown  in  one  of  two  ways:  Either  the  service 
is  not  abreast  of  the  times  and  the  demand,  or  the  operating  ex- 
penses are  too  high.  Asstuning  that  either  condition  has  been 
produced  by  inventions  subsequent  to  the  installation  of  the 
plant  and  that  the  earnings  have  not  been  adequate  to  permit 
the  investment  to  be  written  off,  it  is  to  the  advantage  both  of 
the  investor  and  the  public  to  discard  part  or  all  of  the  old  plant 
and  capitalize  the  replacements.  The  public  thus  has  increased 
facilities  for  which  it  is  proper  that  the  company  should  be  com- 
pensated; or  economies  are  realized,  the  advantage  of  which 
may  be  enjoyed  by  both  the  investor  and  the  public. 

The  table  given  assumes  that  the  property  is  profitable  from 
the  beginning,  and  that  the  company  can  afford  to  set  aside 
$160,000  each  year  for  interest  and  depreciation.  In  view  of  the 
fact  that  few  if  any  of  the  public  service  corporations  are  so 
fortimate  as  to  earn  interest  and  depreciation  dtiring  the  first 
years  of  operation,  the  real  course  to  be  followed  in  justice  to  the 
investor  and  the  public  lies  between  the  two  plans  shown  in  the 
table.  The  depreciation  as  well  as  other  losses  in  the  early  years 
should  be  capitalized  until  the  property  is  earning  all  expenses 
including  depreciation  and  an  adequate  return  on  the  investmwit. 

The  author  states:  *'  if  no  depreciation  fimd  is  set  up,  nothing 
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can  be  included  in  the  cost  of  operation  as  necessary  to  provide 
for  depreciation." 

This  is  partly  covered  by  my  statement  in  the  last  paragraph. 
If  a  company  is  not  earning  enough  to  take  care  of  its  deprecia- 
tion, it  is,  nevertheless  entitled  to  take  the  accruing  depreciation 
as  a  part  of  its  cost  of  service  in  any  question  of  rate  regulation. 
A  company  is  warranted  in  paying  interest  on  its  bonds  and 
floating  indebtedness  before  providing  for  depreciation,  and  in 
some  cases  it  is  wise  to  pay  dividends  on  stock  in  order  that 
additional  amotmts  of  money  may  be  raised  to  develop  the  prop- 
erty, although  if  the  full  amount  of  depreciation  were  provided 
for,  such  dividends  would  not  be  earned.  These  questions  must 
be  settled  by  the  managers  of  each  f)roperty  and  cannot  be 
governed  by  any  general  rules. 

The  author  makes  the  statement:  "  From  the  cost  should  then 
be  deducted  this  absolute  depreciation  in  order  to  obtain  the 
present  real  or  service  value  of  the  property.'' 

In  determining  depreciation,  is  it  not  safer  to  estimate  the 
amount  that  will  be  required  to  put  the  apparatus  into  a  condi- 
tion that  is  practically  as  good  as  new  and  call  that  amount 
'*  depreciation  "  rather  than  to  decide  that  the  machinery  is 
\vorth  say  60,  60  or  70  per  cent  of  its  original  cost,  and  to  call 
the  difference  between  one  of  those  figures  and  the  original  cost 
the  depreciation?    The  former  is  the  usual  process  followed. 

The  50  per  cent  method  quoted  in  the  paper  is  so  seldom  ap- 
plicable that  it  seems  hardly  proper  to  quote  it  as  a  method  hav- 
ing any  merit.  If  there  is  a  piece  of  property  that  is  not  growing 
and  the  maintenance  of  which  is  uniform  from  year  to  year,  it  is 
a  curiosity.  Certainly  this  method  would  not  be  applicable  to  a 
growing  property  or  to  a  case  wherein  the  methods  of  construc- 
tion are  improving  as  replacements  are  made.  It  is  not  appli- 
cable therefore  to  the  poles,  cross-arms  and  braces  of  an  electric 
company. 

Inasmuch  as  small  transformers,  meters  and  arc  lamps  have 
been  replaced  largely  through  obsolescence,  this  rule  is  not 
applicable  to  them.  In  the  case  of  boilers  it  may  be  found  that 
a  certain  percentage  of  tubes  are  replaced  each  year,  but  it  will 
be  found  on  inspection  that  a  large  portion  or  all  of  these  tubes 
will  be  on  the  first  and  second  rows,  numbered  from  the  bottom. 
The  tubes  above  this  may  be  100  per  cent  efficient,  and  it  would 
be  a  serious  error  therefore,  to  say  that  the  tubes  as  a  whole  are 
only  50  per  cent  efficient. 

In  the  case  of  a  gas  company  the  amount  spent  for  main- 
tenance of  mains  and  services  might  be  the  same  each  year,  but 
the  depreciation  will  be  fotmd  on  examination  to  be  due  to  some 
local  condition,  and  a  large  part  of  the  work  of  maintenance  will 
be  done  in  a  few  localities.  The  rest  of  the  pipe  system  will  be  in 
condition  as  good  as  new  or  100  per  cent .  Under  these  conditions 
it  would  be  grossly  improper  to  say  that  the  distributing  system 
as  a  whole  is  only  50  per  cent  eflficient.     On  the  whole  it  is  highly 
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improbable  that  there  is  a  single  case  anywhere  in  which  such  a 
method  would  be  properly  applicable. 

It  is  stated:  "  While  usually  preferable  there  exists  no  neces- 
sary reason  for  always  writing  off  certain  costs  such  as  engi- 
neering, incidentals,  etc.,  at  the  rate  at  which  the  physical 
property  of  which  they  are  an  inherent  part,  is  depreciated." 

It  is  somewhat  difficult  to  understand  exactly  what  is  meant 
by  this  paragraph.  Replacements  usually  require  engineering 
and  when  completed  the  cost  will  usually  be  found  to  contain 
many  incidentals.  In  other  words,  these  items  are  elements  of 
the  cost  of  replacements  as  well  as  of  the  original  construction, 
and  to  this  extent  allowance  should  be  made  for  their  deprecia- 
tion at  the  same  rate  as  allowance  is  made  for  the  depreciation 
of  the  other  values  of  the  inventory  property.  Such  replace- 
.  ments  will  not  affect  the  design  of  the  property  as  a  whole,  and 
to  this  extent  it  is  not  necessary  to  depreciate  the  general  engi- 
neering and  incidental  expenses. 

In  conclusion  I  will  summarize  briefly  my  opinion  on  the  points 
in  which  I  disagree  with  Mr.  Floy. 

Development  expenses,  intangible  or  overhead  values,  are  an 
essential  part  of  the  cost  of  construction  of  physical  property 
and  should  be  included  as  such. 

Electric  light  and  power  properties  do  not  have  monopolies, 
but  may  have  **  good  will  "  which  latter  has  a  very  real  value. 

It  is  proper  in  many  cases  where  corporation  earnings  have  not 
been  sufficient  to  maintain  the  property,  to  capitalize  replace- 
ments. 

If  the  earnings  of  a  corporation  are  not  sufficient  to  set  up  a 
depreciation  fund,  it  is  nevertheless  proper  for  purposes  of  rate 
making  to  include  a  fair  estimated  cost  of  depreciation. 

The  easiest  and  safest  method  of  determining  depreciation  is 
by  estimating  the  cost  of  putting  the  property  in  a  condition 
substantially  as  good  as  new. 

The  50  per  cent  method  of  estimating  depreciation  requires  so 
many  qugJifications  and  has  such  a  narrow  application  as  to 
make  it  very  unsafe. 

The  engineering  costs,  incidentals,  etc.,  that  would  probably 
be  involved  in  connection  with  replacements  should  be  written 
off  with  the  physical  property  in  connection  with  which  the 
expenses  have  been  incurred. 

Frank  F.  Fowle:  Mr.  Floy's  paper  on  depreciation  is  notable 
for  its  careful  analytical  treatment  of  a  subject  that  seems  in 
danger  of  becoming  hackneyed,  but  which,  as  he  points  out, 
needs  more  extensive  illumination  than  it  has  yet  received.  An 
examination  of  the  literature  on  the  subject  reveals  a  great 
mass  of  material  which  treats  of  life  tables  and  associated  mat- 
ters, but  little  which  is  specific  on  the  side  of  theoretical  analysis. 

The  term  depreciation  is  a  generic  one,  meaning  the  **  act  of 
lessening  or  crying  down  of  price  or  value,"  or  '*  the  falling  of 
value;  reduction  of  worth."     The  broad  term  has  been  loosely 
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employed  in  a  great  many  instances  with  different  specific 
meanings.  There  is  thus  great  need,  as  Mr.  Floy  emphasizes, 
of  careftd  qualification  and  definition;  and  in  order  to  promote 
mutual  imderstanding  among  engineers,  lawyers,  economists  and 
accountants  there  ought  to  be  established  by  common  consent,  a 
comprehensive  and  authoritative  nomenclature. 

In  view  of  the  great  importance  of  the  subject  it  is  suggested 
that  a  special  committee  of  the  Institute  might  be  appointed  to 
formtdate  definitions  and  stimxilate  discussion  of  those  phases 
of  the  matter  which  need  it;  or  the  Electric  Lighting  Committee 
might  carry  out  such  a  program. 

The  common  confusion  between  maintenance  and  deprecia- 
tion arises,  fundamentally,  because  there  has  never  been  de- 
vised or  applied  a  thoroughly  scientific  system  of  depreciation 
accounting.  It  doesn't  seem  to  me  that  the  plan  of  lumping 
maintenance  and  depreciation  helps  the  case  any,  because  there 
are  so  many  maintenance  expenses  that  have  nothing  to  do  with 
depreciation  and  are  not  related  in  any  way  to  the  life  of  the 
plant. 

In  the  strictest  view  of  the  matter  any  renewal,  however 
trivial,  ought  to  be  charged  to  depreciation,  but  in  practice  it  is 
difficult  to  do  this  and  as  a  nde  only  heavy  or  important  re- 
placements go  to  depreciation.  For  example  a  life  of  twenty 
years  might  be  assigned  to  a  certain  Corliss  engine  and  it  might 
turn  out  to  be  the  actual  life,  but  during  that  time  various 
minor  parts  would  wear  out  and  be  replaced,  perhaps  several 
times,  and  the  cost  charged  to  maintenance.  The  problem  is  to 
determine  how  far  we  ought  to  go  in  subdividing  a  property  into 
its  elements  or  component  parts,  in  classifying  renewals  as  de- 
preciation or  maintenance.  Two  very  important  piu-poses  of  a 
depreciation  fund  are  to  maintain  undiminished  assets  behind 
the  stock  and  bonds,  as  the  plant  wears  and  depreciates,  and 
secondly  to  maintain  an  even  annual  charge  against  revenues 
to  take  care  of  replacements  and  renewals.  Other  purposes  can 
be  mentioned,  but  these  are  fundamental.  If  they  are  sub- 
stantially met  there  can  be  no  argument  except  over  questions 
of  a  more  purely  technical  nature. 

But  this  involves  the  vital  question  of  how  property  depre- 
ciates, or  how  fast  and  in  what  manner  it  passes  from  its  value 
new  to  its  scrap  or  salvage  value,  when  the  life  is  assumed  or 
known.  This  question  Mr.  Floy  discusses  under  the  head  of 
"  absolute  "  and  "  theoretical  "  depreciation.  The  absolute 
depreciation  of  public  utility  property  which  forms  part  of  a 
going  concern  he  defines  as  curve  No.  6  in  Fig.  1  of  the  paper, 
while  the  theoretical  depreciation  might  be  one  of  the  curves 
No.  3,  No.  4  or  No.  5. 

There  is  here  a  marked  difference  between  two  definitions  of 
present  value,  taken  at  any  time  during  useful  life.  The  theory 
represented  by  curve  No.  6  is  given  in  the  paper  and  in  sub- 
stance amounts  to  this: — that  a  property  which  is  maintained 
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at  approximately  full  efficiency,  without  unreasonable  expense, 
throughout  its  usefxil  life,  is  substantially  worth  its  cost  new,  or 
original  cost,  up  to  or  very  closely  approaching  the  time  of  its 
abandonment.  That  is  to  say,  it  is  able  every  day  to  render 
the  same  service  and  do  the  same  work  at  undiminished  efficiency. 
Or  in  other  words,  present  value  is  measured  by  a  state  of  readi- 
ness to  serve  or  ability  to  give  immediate  service,  without  regard 
for  the  future  time  during  which  that  service  can  be  sustained. 
On  this  theory  there  is  very  little  if  any  depreciation  on  a  prop- 
erty which  is  reasonably  well  maintained. 

But  is  this  a  correct  economic  view?  We  must  go  back  to  the 
definition  of  value  and  examine  its  elements,  in  order  to  arrive 
at  any  conclusion.  The  economic  definition  of  value  is  power  in 
exchange;  utility  or  usefulness  is  one  of  the  important  elements 
and  always  present,  although  it  does  not,  alone,  establish  value. 
Ely  classifies  the  elements  of  value  as  follows. 
'  Elementary,  as  in  raw  materials. 
Form,  as  in  manufactured  products. 

i}^^     \  created  in  retail  trade. 
Place    J 

In  the  case  of  a  going  public  utility,  whose  business  may  be 
assumed  to  exist  through  the  future  years  indefinitely,  the  ele- 
ment of  usefulness,  in  its  relation  to  plant  value,  seems  to  be  most 
important.  For  example,  such  a  concern  could  afford  to  pay 
twice  as  much  for  a  generator  (of  a  given  size)  which  would 
last  30  years  as  it  could  for  one  which  would  last  15  years,  as- 
suming equal  efficiency  and  maintenance  cost.  Or  again,  if  the 
generator  which  had  a  30-year  life  were  15  years  old  and  in  a 
normal  condition  of  maintenance,  the  company  could  afford  to 
pay  as  much  for  it  as  for  the  new  generator  which  had  a  15-year 
life. 

Stating  this  principle  in  more  general  terms,  the  total  useful- 
ness is  as  much  an  element  of  value  as  immediate  usefulness. 
A  state  of  readiness,  to  serve,  without  regard  for  the  ability  to 
render  prolonged  service,  is  not  then  the  full  measure  of  vklue; 
it  is  naturally  an  element  of  value  and  must  be  present,  but  after 
that  it  is  remaining  years  of  useful  life  which  determine  the  plant 
value  in  a  going  public  utility. 

I  have  never  been  able  to  find  a  sound  economic  argument  for 
such  a  theory  of  present  value  as  that  corresponding  to  curve 
No.  6  of  Fig.  1.  Total  usefulness  seems  to  me  to  be  the  great 
controlling  element,  and  as  that  usefulness  expires  progressively 
with  the  rendering  of  service  day  by  day,  so  it  seems  to  me  the 
value  must  expire  also. 

B.  E.  Sunny:  Every  paragraph  in  Mr.  Byllesby's  splendid 
paper  is  worthy  of  special  notice  and  comment,  but  there  are 
two  paragraphs  of  paramount  importance. 

The  first  one  is  with  reference  to  State  Commissions. 

Originally  the  idea  of  State  Commissions  met  with  great 
opposition  among  the  utility  companies,  for  the  reason  that  they 
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had  been  accustomed  to  dealing  with  the  State  and  local  munici- 
pal authorities,  and  they  did  not  know  whether  they  would  be 
dealt  with  fairly  by  the  new  body  or  not. 

The  splendid  record  made  by  the  Wisconsin  and  other  Com- 
missions has  almost  entirely  changed  the  opinion  of  the  public 
and  the  utility  people  with  respect  to  the  vaJue  of  Conmiissions, 
and  there  are  few.  now  who  do  not  endorse  the  State  Commission 
idea  of  municipal  management. 

One  thing  that  makes  it  possible  for  the  State  Commissions  to 
deal  intelligently  and  fairly  with  utility  companies  is  that  they 
are  far  removed  from  active  politics. 

In  the  City  of  Chicago,  the  handling  of  telephone  and  gas 
rates  by  the  City  Council  during  the  past  two  years,  during  which 
time  nothing  has  been  accomplished,  has  been  seriously  inter- 
fered with  by  political  considerations. 

As  a  matter  of  fact,  the  utility  companies  as  a  rule  have 
nothing  to  fear  from  either  State  or  City  regulation,  or  by  Com- 
missions, inasmuch  as  that  perhaps  not  more  than  6  per  cent  of 
the  total  number  are  earning  in  excess  of.  operating  expenses  a 
proper  charge  to  depreciation  and  a  fair  return  on  the  investment. 

Most  utility  companies  are  for  the  time  being  content  if  they 
are  able  to  pay  7  or  8  per  cent  dividends,  but  they  have  either 
wholly  or  partially  overlooked  depreciation  and  obsolescence, 
and  are  making  little  provision  for  either. 

As  a  matter  of  fact,  the  State  Commissions,  made  up  of  in- 
telligent experienced  business  men  and  engineers,  are  needed 
for  the  aid  and  guidance  in  the  commercial  management  of 
utility  companies  quite  as  much  as  they  are  needed  to  protect 
the  public  from  either  bad  service  or  extortion. 

The  other  point  in  Mr.  Byllesby^s  paper  is  to  the  effect  that 
estimates  covering  new  construction  are  usually  too  low,  and  the 
cost  of  the  work  runs  all  the  way  from  10  per  cent  to  100  per  cent 
in  excess  thereof.  This  is  of  course  within  the  experience  of 
every  one  engaged  in  construction  work. 

The  suggestion  is  pertinent  that  in  appraising  plants  the  same 
percentage  of  error  ought  to  be  taken  into  accoimt. 

In  a  recent  letting  in  Chicago  for  caissons  for  a  new  office 
building,  six  bids  ran  from  $140,000  to  $203,000  or  a  difference 
of  30  per  cent. 

In  the  building  of  the  Sanitary  District  Canal,  some  years 
ago,  the  work  was  cut  up  into  sections,  and  let  to  a  dozen  or 
more  contractors.    All  but  one  of  the  contractors  failed* 

We  may  or  may  not  know  how  the  contractor  comes  out  on 
the  caissons  at  $140,000,  and  we  may  or  may  not  know  how  great 
a  loss  most  of  the  contractors  made  on  the  Sanitary  District 
work.  We  are  likely  however  to  be  influenced  by,  and  to  make 
use  of  corresponding  figures  when  they  are  applicable  for  the 
purpose  of  appraising  work,  with  the  result  that  a  serious  in- 
justice is  done. 

Indeed,  I  regard  it  as  unsafe  to  permit  one  individual  or 
firm  employed  by  the  municipality,  to  appraise  a  utility  prop- 
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erty  for  rate  making  purposes.  I  think  that  in  such  cases,  the 
utility  company  should  be  allowed  to  have  an*appraiser  to  rep 
resent  its  interest,  and  before  the  work  is  begun,  the  two 
appraisers  should  select  an  umpire  to  settle  the  differences 
which  will  inevitably  arise.  It  is  only  in  this  way  that  the 
error  to  which  Mr.  Byllesby  refers  can  be  at  least  partially 
guarded  against. 

The  paper  by  Mr.  Floy  is  one  of  the  best  contributions  to  the 
subject  of  depreciation  that  I  have  seen.  It  brings  us  down  to 
date  on  a  vital  item  in  the  handling  of  a  public  utility. 

It  is  significant  that  Mr.  Floy  makes  no  argument  with  refer- 
ence to  the  existence  of  depreciation.  This  indicates  progress. 
A  dozen  or  fifteen  years  ago,  there  were  many  who  did  not  believe 
that  there  was  such  a  thing  as  depreciation.  Now  it  is  generally 
recognized.  Even  today  however,  depreciation  has  not  taken 
its  proper  place  in  the  utility  accounting.  In  good  times,  de- 
preciation receives  liberal  treatment  out  of  the  satisfactory  earn- 
ings, while  in  bad  times,  when  the  earnings  are  scant,  it  is  for- 
gotten. This  at  least  is  true  of  the  utility  companies,  of  which 
as  I  said  above,  there  are  few  that  are  really  making  any  profit 
where  proper  charge  to  depreciation  is  included. 

I  am  rather  in  hopes  it  will  not  be  very  long  before  the  practice 
will  become  general  of  including  a  charge  to  depreciation  with  the 
same  regularity  and  care  that  we  charge  to  operating  expense, 
interest  and  dividends,  and  have  the  fluctuation  with  reference 
to  good  times  and  bad  reflected  in  the  surplus  account. 

Halbert  P.  Gillette:  Mr.  Floy  has  presented  an  interesting 
discussion  of  the  very  important  subject  of  depreciation,  par- 
ticularly from  the  viewpoint  of  the  appraising  engineer.  Not 
only  because  the  author  of  this  paper  has  mentioned  the  writers* 
name  in  connection  with  the  application  of  plant  mortality 
tables,  but  because  the  writer  may  be  able  to  add  some  informa- 
tion on  the  general  subject  of  depreciation,  does  the  writer  offer 
a  discussion  of  a  paper  read  before  a  society  in  which  he  is  not  a 
member. 

To  begin  with,  the  writer  does  not  use  the  term  depreciation 
in  the  sense  it  is  used  by  the  author.  The  author's  use  of  the 
term  makes  it  include  both  the  cost  of  current  repairs  of  parts  of 
each  plant  unit  and  entire  renewals  of  whole  plant  units.  The 
writer  uses  depreciation  to  denote  the  cost  of  renewal  of  whole 
plant  units  only,  and  this,  he  believes,  is  the  sense  in  which  the 
term  is  now  used  by  nearly  all  public  service  and  railway  com- 
missions that  have  had  to  do  with  many  appraisals  of  public 
utilities.  Due  to  the  fact  that  there  is  still  no  entire  uniformity 
of  practice  in  the  use  of  the  term  depreciation,  it  seems  desirable 
either  to  adopt  the  present  rather  general  practice  of  using  it  to 
mean  cost  of  renewals  of  plant  units,  or  else  to  adopt  the  word 
amortization  in  its  place. 

A  plant  unit  is  a  structure  or  machine  which,  for  accounting 
or  appraisal  purposes,  is  regarded  as  a  unit;  as,  a  building,  a 
car,  a  boiler,  a  railway  cross-tie,  etc. 


Digitized  by  VjOOQIC 


1911]  DISCUSSION  AT  CHICAGO  1345 

The  author  proposes  the  expression  "  theoretical  deprecia- 
tion "  to  denote  the  cost  of  renewals  of  plant  units,  but  the 
expression  is  too  cumbersome  for  convenience  in  use. 

In  the  second  edition  of  his  '*  Handbook  of  Cost  Data,"  the 
writer  called  attention  to  the  great  desideratum  of  uniformity 
of  practice  among  engineers  in  the  use  of  the  word  depreciation. 
He  also  pointed  out  that  while  the  renewal  of  entire  plant  units 
does  not  differ  in  principle  from  the  renewal  of  parts  of  the  same 
units,  it  is  desirable  to  record  the  costs  separately.  Thus,  the 
repairs  of  a  locomotive  may  average  18  per  cent  of  its  first  cost 
per  annum,  while  the  renewals  of  entire  locomotives  may  average 
4  per  cent.  The  18  per  cent  is  a  repair  item,  while  the  4  per  cent 
is  a  depreciation  item,  and  the  sum  of  the  two,  22  per  cent  is  the 
total  cost  of  maintenance.  Many  engineers  have  made  serious 
blunders  in  estimating  the  cost  of  maintenance  by  using  pub- 
lished depreciation  percentages  under  the  mistaken  idea  that 
they  included  current  repairs  as  well  as  renewals.  In  fact,  engi- 
neering literature  is  replete  with  examples  of  just  such  blunders. 

Shall  depreciation  be  deducted  from  the  cost  of  reproduction 
new  to  obtain  a  plant  value  that  shall  be  used  as  a  basis  for  rate 
making?  This  is  an  ever  recurring  question,  and  one  that  grows 
daily  in  importance.  The  writef 's  own  answer  has  been  that 
depreciation  shall  be  deducted  from  the  new  value,  but  that  it 
must  usually  be  added  on  again  in  the  form  of  development  ex- 
pense. The  writer  uses  the  term  development  expense  in  a 
sense  different  from  that  used  by  the  author  of  this  paper.  The 
writer's  definition  is: 

Development  expense  is  the  accumulated  deficit  in  fair  return  ^ 
from  the  start  of  operation  of  a  plant  until  a  fair  return  begins  to 
be  earned. 

There  are  some  appraising  engineers  who  call  this  the  **  going 
value  ''  instead  of  development  expense,  but  the  term  "  going 
value  *'  means  so  many  different  things  to  different  men  that  it 
is  not  a  desirable  term  to  use. 

As  an  example  of  the  method  of  calculating  development 
expense.  Tables  I  and  II  will  serve.  Table  I  is  based  on  the 
assumption  that  no  depreciation  has  occurred.  Table  II  is 
based  on  the  assumption  that  there  has  been  depreciation. 

Table  I  gives  an  example  of  a  plant  assumed  to  cost  $100,000 
and  to  begin  operating  January  1,  1900.  For  the  sake  of  sim- 
plicity it  is  assumed  that  there  have  been  no  additions  to  the 
original  plant.  To  begin  with,  assume  that  there  has  been  no 
depreciation,  and  assume  that  8  per  cent  is  a  **  fair  return  ". 
Then  we  have  the  results  shown  in  Table  I. 

The  deficits,  column  (5)  of  each  year  are  the  development 
expense  of  that  year,  and  the  total  development  expense  is 
$5,144,  so  that  at  the  end  of  the  development  period,  December 
31,  1904,  the  total  value  of  the  property  is  the  cost  of  the  plant, 
$100,000,  plus  the  development  expense,  $5,144,  or  a  total  of 
$105,144. 
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(1) 

(2) 

(3) 

earnings 

from 
operation 

(5) 

(6) 

Year 

Value 
Jan.  1 

Pair 
return 
at  8% 

Deficit 

Value 
Dec.  31 

1900 

$100,000 

$8,000 

$6,000 

$2,000 

$102,000 

1901 

102,000 

8.160 

6.500 

1.660 

103.660 

1902 

103.e60 

8.293 

7,200 

1.093 

104.753 

1903 

104.753 

8.380 

8,000 

380 

105.133 

1904 

105.133 

8.411 

8,400 

11 

105.144 

$5,144 

Now  let  us  assume  that  there  has  been  an  actual  depreciation 
of  $15,000  in  the  plant  value,  as  disclosed  by  an  appraisal. 
Then  from  the  actual  net  earnings  should  be  subtracted  such  a 
sum  annually  as  to  provide  (at  8  per  cent  fair  return)  an  amount 
equal  to  $15,000  at  the  end  of  the  year  1904.  This  would  be 
$2,556  deducted  annually  from  the  net  earnings  shown  on  the 
books.    Table  II  gives  the  result  of  the  calculation  on  this  basis. 

TABLE  II 


(1) 

(2) 

Pair 

return 
at  8% 

(4) 

(5) 

(t^) 

1           (7) 

Year 

Value 
Jan.  1 

Net 
earnings 

Sinking 
fund 

Deficit 

Value 
Dec.  31 

1900 

$100,000 

$8,000 

$6,000 

$2,556 

$4,556 

$104,556 

1901 

104.556 

8,364 

6.500 

2.556 

4,420 

108.976 

1902 

108.976 

8.718 

7.200 

2.556 

4.074 

113.050 

1903 

113.050 

9,044 

8.000 

2.556 

3.600 

116.650 

1904 

116.650 

9,333 

8.400 

2,556 

3.489 

120.139 

Total 

$20,139 

Table  II  shows  that  the  total  deficit,  or  development  expense, 
is  $20jl39  based  on  the  assumption  of  depreciation,  which  if 
added  to  the  depreciated  value  of  $85,000  gives  a  total  of  $105,139 

Contrasting  the  results  of  the  methods  derived  from  Tables  I 
and  II,  we  have: 


Table  I 

Table  II 

Plant  value 

$100,000  (new) 
5.144 

$  85.000  (depreciated) 
20,139 

Development  expense 

Total  value 

$10o,144 

$105,139 

Had  the  calculations  been  carried  out  to  one  or  more  decimal 
places,  the  final  results  would  have  been  identical.  We  see  from 
this  illustration  that  the  development  expense  calculated  on  the 
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assumption  that  the  plant  has  depreciated  exceeds  the  develop- 
ment expense  calculated  on  the  assumption  of  no  depreciation, 
and  that  this  excess  is  precisely  equal  to  the  amotmt  of  the  de- 
preciation that  has  occurred  during  the  development   period. 

There  is  very  much  more  to  the  subject  of  development  ex- 
pense than  is  likely  to  occur  to  onp  who  has  not  applied  it  in 
many  cases,  but  it  would  lead  to  such  a  digression  from  the 
subject  of  depreciation  that  the  writer  can  not  touch  upon  it 
further  than  to  point  out  how  it  serves  to  solve  the  problem  of 
giving  justice  to  a  public  service  corporation  that  has  not 
provided  a  sinking  fund  with  which  to  wipe  out  the  depreciation 
that  an  appraisal  may  show. 

Rarely  has  any  large  corporation,  public  or  private,  pro- 
vided a  depreciation  fund  with  which  to  recover  any  considerable 
part  of  the  loss  in  plant  value  due  to  depreciation.  What  ra- 
tional appraising  engineer  or  public  service  commissioner  would 
contend  that  a  sinking  fund  should  have  been  established  to 
provide  for  the  loss  of  value  of  cross-ties  in  a  railway  track? 
Cross-ties  in  a  track,  if  properly  maintained,  ultimately  attain 
an  average  value  of  about  50  per  cent  of  their  cost  new;  but  who 
will  urge  that  a  sinking  fund  should  be  established  to  provide 
for  a  60  per  cent  lost  value,  when  the  "  service  value  "  of  the  ties 
is  as  great  at  any  time  as  on  the  day  they  were  first  laid?  Ob- 
viously no  one  would  so  contend,  unless  it  were  proposed  to  sell 
the  railway  as  one  would  sell  a  second  hand  machine,  which  is  a 
thing  that  neither  the  railway  owner  nor  the  public  contem- 
plates. What  holds  true  of  cross-ties  holds  true  of  many  other 
plant  tuiits.  In  any  event,  the  writer's  method  of  calculating 
development  expense  (as  indicated  in  Tables  I  and  II)  shows 
clearly  that  if  the  public  intends  to  be  just  in  its  treatment  of 
public  service  porporations,  it  must  either  regard  the  plant  as 
being  worth  its  actual  new  cost,  or  it  must  permit  the  corporation 
to  revise  its  old  operating  accounts,  from  the  day  the  plant 
began  operation,  so  as  to  include  an  annual  allowance  for  de- 
preciation, which  shall  fully  cover  the  past  depreciation  dis- 
closed by  a  present  day  appraisal.  This  is  but  common  justice, 
and,  when  such  justice  is  measured  out,  it  results  inevitably  in  an 
increase  of  the  development  expense  \)y  an  amotmt  equal  to 
the  depreciation,  as  above  shown. 

The  writer  may  add  that  he  believes  there  is  a  startling  sur- 
prise in  store  for  the  public — a  public  that  has  been  woefully 
misled  by  recent  artides  in  popular  magazines  as  to  the  ex- 
tortionate profits  made  by  railways  and  other  public  utility 
corporations.  The  writer's  appraisal  of  the  railways  of  Wash- 
ington made  it  clear  that  in  that  state  the  railways  were  not 
robbing  the  people,  and  were,  in  fact,  averaging  a  return  that 
no  merdjant,  manttfacturer,  or  farmer  would  be  contented  with. 

The  writer  has  recently  been  engaged  on  the  appraisals  of 
five  street  railway  and  interurban  electric  railway  systems,  not 
one  of  which  shows  a  return  on  the  investment  that  would 
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TABLE  I 
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(1) 

(2) 

(3) 

ht 

(5) 

(6) 

Year 

Value 
Jan.  1 

Pair 
return 
at  8% 

earnings 

from 
operation 

Deficit 

Valoe 
Dec.  31 

1900 

$100,000 

S8.000 

J6.000 

$2,000 

|1(S.OOO 

1901 

102.000 

8.160 

6.500 

1.660 

103.660 

1902 

103.6«) 

8.293 

7.200 

1.093 

104.753 

1903 

104.753 

8.380 

8.000 

380 

105.133 

1904 

105.133 

8.411 

8.400 

11 

103.144 

$5,144 

Now  let  us  assume  that  there  has  been  an  actual  depreciation 
of  $15,000  in  the  plant  value,  as  disclosed  by  an  appraisal. 
Then  from  the  actual  net  earnings  should  be  subtracted  such  a 
sum  annually  as  to  provide  (at  8  per  cent  fair  return)  an  amount 
equal  to  $15,000  at  the  end  of  the  year  1904.  This  would  be 
$2,556  deducted  annually  from  the  net  earnings  shown  on  the 
books.     Table  II  gives  the  result  of  the  calculation  on  this  basis. 

TABLE  II 


(1) 

(2) 

F^a'/r 

(4) 

(5) 

ce) 

(7) 

Year 

Value 
Jan.  1 

return 
at  8% 

Net 
earnings 

Sinking 
fund 

Deficit 

Valee 
Dec.  31 

1900 

$100,000 

$8,000 

$6,000 

$2,556 

$4,556 

$104,556 

1901 

104.556 

8.364 

6.500 

2.556 

4.420 

108.976 

1902 

108.976 

8,718 

7.200 

2.556 

4.074 

113.050 

1903 

113,050 

9.044 

8.000 

2.556 

3.600 

116.650 

1904 

116.650 

9,333 

8.400 

2.556 

3.489 

120.139 

Total 

$20,139 

Table  II  shows  that  the  total  deficit,  or  development  expense, 
is  $20,139  based  on  the  assumption  of  depreciation,  which  if 
added  to  the  depreciated  value  of  $85,000  gives  a  total  of  $105,139 

Contrasting  the  results  of  the  methods  derived  from  Tables  I 
and  II,  we  have: 


Table  I 

Table  II 

Plant  value « 

$100,000  (new) 
5.144 

S  85  000  (detnecuted 

Development  expense 

20.139 

Total  value . .  .  .  ; 

$105,144 

$105,139 

Had  the  calculations  been  carried  out  to  one  or  more  dedmal 
places,  the  final  results  would  have  been  identical.  We  see  from 
this  illustration  that  the  development  expense  calculated  on  the 
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assumption  that  the  plant  has  depreciated  exceeds  the  develop- 
ment expense  calculated  on  the  assumption  of  no  depreciation, 
and  that  this  excess  is  precisely  equal  to  the  amount  of  the  de- 
preciation that  has  occurred  during  the  development  period. 

There  is  very  much  more  to  the  subject  of  development  ex- 
pense than  is  likely  to  occur  to  one  who  has  not  applied  it  in 
many  cases,  but  it  would  lead  to  such  a  digression  from  the 
subject  of  depreciation  that  the  writer  can  not  touch  upon  it 
further  than  to  point  out  how  it  serves  to  solve  the  problem  of 
giving  justice  to  a  public  service  corporation  that  has  not 
provided  a  sinking  fund  with  which  to  wipe  out  the  depreciation 
that  an  appraisal  may  show. 

Rarely  has  any  large  corporation,  public  or  private,  pro- 
vided a  depreciation  fund  with  which  to  recover  any  considerable 
part  of  the  loss  in  plant  value  due  to  depreciation.  What  ra- 
tional appraising  engineer  or  public  service  commissioner  would 
contend  that  a  sinUng  fund  should  have  been  established  to 
provide  for  the  loss  of  value  of  cross-ties  in  a  railway  track? 
Cross-ties  in  a  track,  if  properly  maintained,  ultimately  attain 
an  average  value  of  about  50  per  cent  of  their  cost  new;  but  who 
will  urge  that  a  sinking  f tmd  should  be  established  to  provide 
for  a  50  per  cent  lost  value,  when  the  "  service  value  "  of  the  ties 
is  as  great  at  any  time  as  on  the  day  they  were  first  laid?  Ob- 
viously no  one  would  so  contend,  unless  it  were  proposed  to  sell 
the  railway  as  one  would  sell  a  second  hand  machine,  which  is  a 
thing  that  neither  the  railway  owner  nor  the  public  contem- 
plates. What  holds  true  of  cross-ties  holds  true  of  many  other 
plant  units.  In  any  event,  the  writer's  method  of  calculating 
development  expense  (as  indicated  in  Tables  I  and  II)  shows 
clearly  that  if  the  public  intends  to  be  just  in  its  treatment  of 
public  service  corporations,  it  must  either  regard  the  plant  as 
being  worth  its  actual  new  cost,  or  it  must  permit  the  corporation 
to  revise  its  old  operating  accounts,  from  the  day  the  plant 
began  operation,  so  as  to  include  an  annual  allowance  for  de- 
preciation, which  shall  fully  cover  the  past  depreciation  dis- 
closed by  a  present  day  appraisal.  This  is  but  common  justice, 
and,  when  such  justice  is  measiu-ed  out,  it  results  inevitably  in  an 
increase  of  the  development  expense  by  an  amoimt  equal  to 
the  depreciation,  as  above  shown. 

The  writer  may  add  that  he  believes  there  is  a  startling  sur- 
prise in  store  for  the  public — a  public  that  has  been  woefully 
misled  by  recent  articles  in  popular  magazines  as  to  the  ex- 
tortionate profits  made  by  railways  and  other  public  utility 
corporations.  The  writer's  appraisal  of  the  railways  of  Wash- 
ington made  it  clear  that  in  that  state  the  railways  were  not 
robbing  the  people,  and  were,  in  fact,  averaging  a  return  that 
no  meraiant,  manufacturer,  or  farmer  would  be  contented  with. 

The  writer  has  recently  been  engaged  on  the  appraisals  of 
five  street  railway  and  interurban  electric  railway  systems,  not 
one  of  which  shows  a  return  on  the  investment  that  would 
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satisfy  the  business  men  of  the  communities  in  which  they  exist; 
in  fact,  the  accumulated  deficit  in  fair  return,  assuming  as  low 
as  7  per  cent  for  a  fair  return  rate,  has  been  more  than  40  per 
cent  of  the  aggregate  cost  of  the  physical  property  of  these 
electric  railway  plants,  in  spite  of  the  fact  that  the  plants 
(with  one  exception)  have  been  long  established  and  are  in 
growing  communities.  In  other  words,  the  development  ex- 
pense of  these  five  electric  railway  systems  has  been  more  than 
40  per  cent  of  their  first  cost,  and  is  not  ended  yet.  Moreover — 
and  this  is  a  matter  of  extreme  importance — ^this  40  per  cent 
development  expense  is  calculated  on  the  assumption  that  there 
has  been  no  depreciation;  but,  with  an  adjustment  of  the  ac- 
counting records  to  include  depreciation  (amortization)  as  a  ' 
part  of  the  operating  expense,  the  percentage  for  development 
expense  becomes  much  greater. 

The  writer  has  observed  with  growing  interest  that  other  ap- 
praisals of  electric  railways  all  point  toward  the  conclusion  that 
that  railway  is  fortunate  indeed  that  can  develop  a  sufficient 
business  to  yield  a  fair  return  on  the  cost  of  the  physical  property 
without  incurring  a  development  expense  (a  going  value  ex- 
pense) of  at  least  30  per  cent  of  the  cost  of  its  physical  property 
new.  And,  if,  as  seems  likely,  the  average  depreciation  of  all 
electric  railways  is  about  20  per  cent,  as  determined  by  appraisal 
on  the  straight  line  theory,  then  the  development  expense  will 
average  about  50  per  cent  of  the  cost  new,  which  is  to  be  added 
to  the  depreciated  plant  value  to  obtain  the  total  value  of  the 
plant  and  its  going  business.  No  man  can  say  exactly  what  the 
average  percentage  will  ultimately  be  found  to  be,  but  it  is 
evident  that  not  merely  the  public  but  experienced  engineers 
will  be  surprised  by  the  facts  that  are  now  in  process  of  dis- 
closure as  a  result  of  numerous  electric  railway  appraisals. 

The  author  of  this  paper  gives  a  table  of  rates  of  depreciation 
used  by  different  appraisers,  and  he  speaks  of  them  as  having, 
in  effect,  **  largely  become  law.*'  This  is  apt  to  be  misleading, 
for,  of  course,  the  use  of  a  rate  of  depreciation  by  no  appraiser 
gives  it  even  the  semblance  of  law,  nor  does  the  acceptance  of  an 
appraiser's  estimate  by  a  public  service  commission  add  much  to 
the  credence  that  engineers  or  court  should  necessarily  give  to 
the  truth  of  the  figures. 

Many  of  the  rates  of  depreciation  given  in  the  author's  table 
are  rates  based  upon  engineering  guesses  as  to  the  life  of  ma- 
chinery, and  the  life  is  a  life  determined  by  obsolescence  or 
inadequacy. 

The  writer  found  that  the  life  of  locomotives  and  cars  used  by 
several  large  railway  systems  had  averaged  28  years.  It  is  quite 
generally  known  that  many  locomotives  are  in  use  on  European 
railways  after  a  life  of  more  than  half  a  century,  showing  that 
depreciation  of  locomotives  in  America  has  been  almost  entirely 
a  matter  of  economic  inadequacy.  Locomotives  are  quite 
typical  of  other  machines.     With  the  exception  of  a  few  plant 


Digitized  by  VjOOQIC 


1911]  DISCUSSION  AT  CHICAGO  1349 

items  that  depreciate  by  rotting,  such  as  wooden  cross-ties  and 
poles,  and  a  few  items  that  depreciate  by  abrasion,  such  as  rails, 
trolley  wire  and  pavements,  there  are  scarcely  any  items  given 
in  the  author's  table  that  have  a  depreciation  rate  that  has 
not  been  estimated  on  the  basis  of  life  lost  through  obsolescence 
or  inadequacy.  This  being  so,  it  becomes  illogical  to  attempt  to 
appraise  the  depreciation  of  many  items  of  a  public  utility  by 
mere  inspection.  The  writer  believes  he  was  among  the  first, 
if  not  the  first,  to  take  cognizance  of  this  point  in  making  an 
appraisal  of  great  magnitude.  At  least  the  writer  was  the  first 
engineer  of  a  public  utility  commission  to  abandon  entirely 
any  attempt  at  inspecting  aJl  the  property  of  public  utilities  to 
determine  the  depreciation.  The  writer  prepared  plant  mor- 
tality tables  of  all  classes  of  plant  units,  and  from  the  age  of  the 
plant  units  deduced  the  depreciation.  A  description  of  the 
method  and  discussion  of  the  reasons  for  its  use  are  given  on 
page  1295  et.  seq.  of  the  writer's  *'  Handbook  of  Cost  Data." 

The  author  is  wrong  in  his  statement  that  the  writer  used 
what  the  author  calls  the  "  fifty  per  cent  method  of  deprecia- 
tion." What  the  writer  did  do  was  to  call  attention  to  the  fact 
that  all  depreciable  plant,  where  there  are  numerous  plant  units, 
ultimately  depreciates  50  per  cent  of  its  wearing  value  if  the  plant 
is  properly  maintained;  and,  in  the  absence  of  any  knowledge 
whatsoever  as  to  the  average  age  of  plant  units,  it  would  be 
reasonable  to  use  the  **  fifty  per  cent  method  "  where  inspection  '^' 
of  plant  tmits  indicates  that  the  **  fifty  per  cent  method- "  would 
yield  approximately  correct  results.  ' 

If  wooden  cross-ties,  for  example,  have  been  so  long  in  use  as 
to  attain  a  rate  of  renewal  equal  to  the  reciprocal  of  their  total 
life  in  years,  then  it  amounts  almost  to  a  certainty  that  their 
average  depreciation  is  50  per  cent,  by  the  straight  line  formula. 
However,  even  in  the  case  of  ties,  the  writer  has  seldom  been 
forced  to  guess,  but  has  found  it  possible  to  deduce  the  average 
life  either  from  the  accounting  records  or  from  the  engineerings* 
records.  ,  : 

As  for  inspection  of  such  plant  units  as  wooden  ties  or  poles  to  . 
determine  depreciation,  the  writer  can  find  little  good  reason, 
No  man  can  look  at  the  average  tie  or  pole  in  use  and  tell  its 
probable  remaining  life  within  a  wide  margin  of  the  truth.     A 
far  closer  estimate  can  be  made  if  the  average  age  is  known. 

Field  inspection  of  wear  of  rails,  trolley  wire,  etc.,  is  more 
satisfactory,  but  even  that  can  often  be  largely  eliminated. 
Thus,  for  rails  or  trolley  wire,  careful  measurements  of  wear 
due  to  a  known  number  of  cars  will  disclose  the  rate  of  wear; 
and  from  such  data  can  be  calculated  the  probable  future  life  of 
other  rails  or  trolley  wire  if  the  average  density  of  traffic  is 
known. '~  But  the  life  of  rails  is  not  always  a  function  of  the  rate 
of  -wear,  so  that  neither  inspection  nor  calculation  based  on 
wear  measurements  will  always  disclose  the  true  depreciation. 
Increased  weight  of  rolling  stock  has  been  a  most  potent  factor 
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in  causing  rail  renewals  in  the  past,  for  rails  have  become  in- 
adequate because  of  the  greater  wheel  loads  they  have  been  re- 
quired to  support.  Nor  is  this  all.  Just  as  one  change  in 
chemical  composition  of  rails  led  to  the  replacement  of  iron  by 
steel,  so  other  changes  are  now  causing  replacement  of  common 
steel  by  steel  alloyed  with  ferrotitanium  and  other  metals. 

View  the  whole  subject  as  we  may,  we  are  driven  inevitably  to 
the  conclusion  that  inspection  is  apt  to  be  a  very  misleading 
method  of  determining  depreciation  for  almost  any  kind  of 
plant  unit,  and  that  for  most  kinds  of  plant  units  inspection  is 
the  most  misleading  method  that  can  possibly  be  used.  No 
amount  of  inspection  can  show  the  rate  of  depreciation  due  to 
obsolescence  or  inadequacy. 

A  very  strong  argument  can  be  made  in  behalf  of  estimating 
depreciation  solely  on  the  rate  of  loss  of  life  due  to  wear,  tear  and 
disintegration  by  natural  forces.  While  this  method  is  seemingly 
to  be  desired  by  public  service  corporations  whose  property  is 
being  appraised  for  ptu-poses  of  rate  making,  it  proves  to  be  a 
boomerang  the  moment  consideration  of  the  maintenance  ex- 
pense begins,  for  then  a  corporation  nattu-ally  and  rightly  wants 
to  be  permitted  to  take  out  of  earnings  enough  to  provide  for 
depreciation  due  to  obsolescence  and  inadequacy. 

The  writer  believes  that  no  man  can  accurately  estimate /w/ttre 
depreciation  due  to  obsolescence  or  inadequacy,  but  the  only 
safe  and  fair  way  is  to  base  future  estimates  of  depreciation  on 
past  experience.  Then  the  rates  of  depreciation  thus  deduced 
should  be  applied  both  in  appraising  depreciated  values  and  in 
providing  sinking  funds  or  depreciation  reserves  out  of  earnings. 
It  may  be  demonstrated  mathematically  that  a  public  service 
corporation,  the  weighted  age  of  whose  depreciable  plant  is  less 

than  •^,  is  the  gainer  the  higher  the  rate  of  depreciation  as- 
signed to  the  plant,  R  being  the  rate  of  fair  return.  Thus,  if  the 
rate  of  fair  return  R,  is  8  per  cent  (0.08)  we  have  14-0.08=  12i 
years  as  the  critical  age.  If  the  weighted  age  of  the  plant  is 
less  than  12^  years,  then  the  more  the  estimated  depreciation  rate 
exceeds  what  it  actually  should  be,  the  greater  is  the  corporation 
the  gainer  by  the  error,  provided  the  same  rate  of  depreciation 
is  used  in  estimating  allowable  amotmts  for  sinking  fund  deposits. 

This  formula    N=-^  for   ascertaining   the   critical    age    can 

readily  be  proved  true  by  the  application  of  algebra,  or  by  taking 
a  few  specific  numerical  examples. 

Nearly  all  public  service  corporations,  and  steam  railway 
companies  in  particular,  have  failed  in  the  proper  presentation  of 
their  cases  to  conmiissions  and  courts.  This  has  been  due  to 
their  ignorance  of  the  problems  of  appraisal  and  rate  making. 
They  have  fancied  that  their  own  operating  engineers,  ofi&cials 
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and  attorneys  could  readily  prepare  both  the  data  and  the 
arguments.  Never  was  a  more  serious  blunder  made.  Their 
engineers  have  usually  not  deeply  studied  either  appraisals  or 
rate  making,  and  their  lawyers  have  usually  understood  neither 
end  of  the  problem.  Finally,  railway  commissions  themselves 
have  often  erred,  because,  while  they  have  regarded  appraising 
as  being  an  engineering  problem,  they  have  not  always  regarded 
rate  making  as  also  involving  equally  important  engineering 
problems. 

Depreciation,  as  we  have  seen,  affects  not  merely  the  problem 
of  appraisal,  bul  it  gravely  affects  the  matter  of  estimating  oper- 
ating expenses.  The  operating  expenses  of  any  single  year  are 
usually  not  typical,  that  is,  they  may  be  either  higher  or  lower 
than  an  average  over  a  long  term  of  years,  due  to  variations  in 
the  cost  of  renewals  of  plant  units — t.^.,  depreciation  costs. 
When  a  plant  is  young  its  current  repairs  are  smaller  than  they 
will  be  later  on,  and  renewals  (depreciation  costs)  are  usually 
absent  entirely  in  a  young  plant.  It  is  an  engineering  problem, 
therefore,  to  determine  what  the  maintenance  expenses  are 
going  to  be,  and  therefore  it  is  an  engineering  problem  to  esti- 
mate proper  allowances  for  maintenance  during  a  typical  or 
average  year.  No  other  kind  of  a  year  can  be  justly  used  as  a 
basis  for  rate  making.  This  is  not  the  only  reason  why  rate 
making  is  largely  an  engineering  problem,  but,  even  if  it  were,  it 
would  be  sufficient  reason  why  expert  appraising  engineers 
are  needed  not  only  in  making  appraisals  of  existing  property  but 
in  appraising  maintenance  expenses. 

Railway  corporations  have  usually  failed  to  secure  an  adequate 
allowance  for  "  going  value  ''  or  development  expense.  Most  of 
them  have  secured  no  allowance  at  all,  entirely  because  they  have 
made  no  careful  study  of  appraisal  problems.  They  have  often 
lost  their  development  expense  and  with  it  has  gone  also  that 
part  of  the  development  expense  due  to  depreciation.  They  have 
known  intuitively  that  they  were  being  deprived  of  their  rights 
under  the  guise  of  law,  but  they  have  not  been  able  to  give  ade- 
quate reasoning  for  their  belief  in  the  injustice  they  were  stiffer- 
ing.  Driven  to  extremes  they  have  often  lied  about  the  value  of 
their  physical  assets,  when  they  could  have  secured  all  that  they 
were  fighting  for  in  the  way  of  total  values  by  merely  proving 
their  development  expense  from  their  own  accounting  records. 

Recently  the  Wisconsin  Railroad  Commission  has  adopted  a 
modified  form  of  the  above  described  deficit  method  of  calcu- 
lating development  expense,  and  the  commission  has  ruled  that 
in  calculating  development  expense  the  old  operating  costs  of  a 
company  must  be  increased  by  a  sufficient  sum  to  cover  the 
actual  depreciation.  This  is  one  of  the  most  important  steps 
ever  made  by  a  public  utility  commission,  and  probably  marks 
the  beginning  of  the  general  adoption  of  a  wholly  rational 
method  of  ascertaining  that  hitherto  elusive  element  of  cost — 
development  expense  or  **  going  value  ". 

Whether  past  depreciation  should  be  amortized  from  future 
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earnings  or  not  is  largely  a  matter  of  sentiment.  In  fact,  whether 
development  expense  (going  value)  should  be  amortized  or  not  is 
also  a  matter  of  sentiment.  It  probably  will  make  little  dif- 
ference either  to  the  public  or  to  the  public  service  corporations 
what  procedure  is  adopted,  for  whether  development  expense 
remains  as  a  source  of  revenue  to  a  company  or  whether  it  is 
amortized,  the  company  will  get  its  quid  pro  quo. 

Henry  Floy :  The  rather  close  connection  and  joint  discussion 
of  Mr.  Byllesby's  and  the  author's  paper,  sometimes  makes  it 
diflScult  to  analyze  and  reply  to  certain  of  the  speakers'  argu- 
ments. 

The  careful  and  lengthy  discussions  of  the  paper  under  con- 
sideration, by  men  of  such  prominence  as  those  who  have 
contributed,  indicate  the  wide-spread  interest  and  importance 
of  the  subject ;  at  the  same  time  clearly  substantiating  the  authors 
opinion  that  there  exists  a  notable  lack  of  uniformity  of  nomen- 
clattu-e  and  a  wide  diversity  of  opinion  in  matters  relative  to 
**  Depreciation." 

The  author  appreciates  the  efforts  of  several  of  the  con- 
tributors in  their  attempts  to  clarify  and  properly  define  terms. 
This  would  be  more  acceptable  were  it  free  from  a  spirit  of 
sarcasm  apparent  in  the  discussion  of  one  participant,  but  so  out 
of  place  before  an  engineering  society.  Aside  from  any.,  at- 
tempted definitions  which  may  be  purely  academic  or  put  forth 
as  a  species  of  mental  gymnastics,  most  engineers  agree  with  the 
author  that  utility  has  a  value  which  may  be  expressed  in 
dollars.  If  not,  the  values  indicated  by  the  curves  Nos.  3,  4 
and  5,  in  Fig.  1,  may  not  be  expressed  in  dollars  any  more  than 
curve  6,  and  the  only  value  that  may  be  attached  to  the  property 
being  appraised,  if  the  term  relates  exclusively  to  barter  and 
sale,  is  the  second-hand  or  scrap  value,  which  all  informed  engi- 
neers will  agree  is  not  the  basis  on  which  any  appraisal  has  been 
or  is  being  made  for  determining  the  physical  values  of  an 
operating  concern.  Because  John  Stuart  Mill  years  ago,  or 
other  political  economists,  once  attached  a  certain  meaning 
to  the  word  *'  value  "  does  not  signify  anything  with  regard 
to  the  present  use  of  the  noun.  Words  change  their  meaning 
daily,  and  the  word  **  value  "  may  properly  be  used  to  measure 
utility,  the  original  value  of  which  has  perhaps  been  determined 
through  purchase. 

As  has  been  suggested  by  several  speakers,  the  Institute 
could  appropriately  take  under  consideration  the  proper  defini- 
tion of  terms  used  in  connection  with  the  subject  of  **  Deprecia- 
tion," cooperating  with  the  other  national  societies  in  this 
matter.  The  National  Electric  Light  Association  has  already 
a  committee  at  work  on  this  subject. 

Several  prominent  engineers  indicate  that  in  their  opinion, 
for  rate  making  purposes,  certainly,  the  basis  for  valuation 
is  the  cost  of  the  physical  property  reproduced  as  new,  plus 
certain  development  expenses.  This  is  a  very  satisfactory  show- 
ing and  indicates  decided  progress.     Mr.  Arnold  explains  and 
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accepts  this  basis  frankly,  while  Mr.  Gillette  comes  to  the  same 
conclusion  through  the  inclusion  of  what  he  unfortunately  terms 
"  development  expense."  His  application  of  this  term  to  what 
has  generally  become  to  be  known  as  "  going  value  "  and  has  been 
so  used  for  years  by  the  Wisconsin  Commission,  will  hardly 
be  accepted  by  informed  engineers.  Mr.  Gillette  himself  seems 
to  find  it  necessary  to  use  "  going  value  "  to  explain  what  he 
improperly  calls  "  development  expense  ".  It  would  seem  as  if 
those  who  differ  from  the  author  in  the  use  of  terms  or  definitions 
set  out  by  him,  should  advance  sound  argument  for  substitution 
of  terms  they  propose  rather  than  mere  expression  of  preference, 
or  what  they  have  been  accustomed  to  do  as  against  the  wider 
use  and  more  general  custom,  which  the  author  has  attempted  to 
follow. 

As  stated  by  the  author,  the  tables  showing  accepted  rates  of 
depreciation,  which  include  as  a  rule  some  allowance  for  ob- 
solescence and  inadequacy,  cannot  be  applied  indiscriminately, 
and  must  be  used  conservatively.  They  are  given  as  indications 
of  what  has  been  done;  in  fact  much  of  the  entire  paper  has  been 
written  to  show  the  line  of  procedure  heretofore  followed.  It 
would  seem  that  we  can  only  advance  by  a  thorough  imder- 
standing  and  knowledge  of  what  other  people  are  doing  in  treat- 
ment of  the  subject  of  depreciation,  and  these  tables  are  given 
because  they  show  figures  which  have  been  approved  in  important 
cases,  and  what  fairly  may  be  expected  by  those  who  are  in- 
terested in  operating  companies  when  they  have  to  appear  be- 
fore commissions  or  courts.  The  readjustment  of  rates  based  on 
the  use  of  such  figures  and  their  acceptance  both  by  the  Public 
Service  Commissions  and  public  utility  companies,  certainly 
establishes  them  much  more  firmly  than  mere  engineer's  opinions, 
and  gives  them  in  effect  the  semblance  of  law. 

Considerable  of  the  discussion  apparently  relates  to  methods 
of  procedure  applicable  to  newly  organized  or  recently  started 
companies,  where  either  the  application  or  omission  of  the- 
oretical depreciation  can  be,  made  without  injury  to  the  in- 
terests of  those  who  have  invested  their  money.  This  condi- 
tion, however,  does  not  apply  to  old  corporations  and  it  is 
imfair  to  take  advantage  of  those  who  have  already  invested 
their  money,  and  are  unable  to  take  it  out,  to  apply  too  strictly 
rules  such  as  those  covering  theoretical  depreciation,  where 
such  application  will  result  in  the  cpnfiscation  of  property 
running  into  perhaps  millions  of  dollars.  This  is  evidenced  for 
example,  in  the  case  of  some  engineers  who,  while  claiming  that 
curves  Nos,  3,  4  or  5  Fig.  1,  are  those  to  be  used  in  determining 
the  present  value  of  property,  are  very  careful  to  avoid  trying 
to  demonstrate  the  absolute  accuracy  of  any  one  of  the  three 
curves,  although  the  use  of  one  or  the  other  would  result  in  a 
difference  of  several  millions  of  dollars,  as  has  been  shown  for 
example,  in  the  valuation  of  street  railway  properties  in  New 
York  City.  The  use  of  one  curve  or  the  other,  admittedly,  is 
largely  one  of  preference  or  convenience,  and  being  based  on  an 
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assumed  theoretical  life  always  results  in  discussion  in  the 
endeavor  to  prove,  the  truth  of  the  assumption,  which  is  not 
absolute. 

Several  of  the  speakers  apparently  failed  to  grasp  the  author's 
distinction  between  "  absolute  "  and  "  theoretical  "  depreda- 
tion, and  the  fact  that  these  are  both  considered  in  determining 
present  value  only,  that  "  theoretical  "  depreciation  alone  is 
used  in  determining  annual  rates  of  exhaustion  of  life.  Mr. 
Hoxie  seems  imable  to  appreciate  that  a  yearly  rate  of  deprecia- 
tion has  nothing  whatever  to  do  with  the  total  absolute  deprecia- 
tion, and  his  illustrations  as  to  rulings  of  Commissions,  assume 
an  ignorant  commission  tmable  to  revise  its  rulings,  as  it  finds 
the  amounts  laid  aside  for  depreciation  are  larger  than  required. 
Further,  he  seems  unacquainted  with  the  very  wide  practice  of 
corporations  and  the  rulings  of  at  least  one  Public  Service  Com- 
mission, practically  prohibiting  the  building  of  extensions  out 
of  excess  earnings,  which  many  consider  contrary  to  the  best 
policies  now  in  vogue.  Of  course  the  author  was  endeavoring 
to  cov^r  the  usual  case  that  exists  and  not  the  exceptional, 
covered  by  the  illustration.  The  author  has  not  conceived  of 
"  two  separate  rates  of  depreciation  "  applied  to  the  same 
property,  nor  does  he  agree  that  the  appraisal  must  include  a 
deliberate  judgment  of  the  value  of  usefiil  service  remaining  as  it 
is  present  service,  not  future  service,  which  the  public  is  in- 
terested in,  and  upon  which  the  rate  of  return  must  be  based. 
In  the  Consolidated  Gas  case,  the  Supreme  Court  did  not  tell 
us  to  figure  two  kinds  of  depreciation.  It  did  tell  us  to  figure 
one  kind  of  depreciation,  and  that  is  what  the  author  has  called 
"  absolute  "  depreciation,  which  is  to  be  used  in  determining  the 
present  value,  on  which  rates  are  based.  It  did  tell  us  that  no 
"  theoretical  "  depreciation  should  be  deducted  in  establishing 
the  basis  on  which  to  estimate  fair  return.  In  the  Knoxville 
Water  case,  the  Court  clearly  states  that  the  original  invest- 
ment, regardless  of  "  absolute  "  depreciation,  is  not  the  basis  for 
figuring  a  fair  return,  and  fiuthermore  that  proper  allowance, 
as  a  part  of  operating  expenses,  should  be  made  to  cover  the 
wasting  away  of  physical  property.  Mr.  Hoxie  evidently  agrees 
with  the  engineer  of  the  Public  Service  Commission,  that  it  is  a 
very  easy  matter  to  appraise  the  Third  Avenue  R.R.  by  the 
**  50  per  cent  method  ",  which  basis  the  Public  Service  Commis- 
sion accepted  in  part,  and  obtained  a  depreciated  value  which 
does  not  compare  with  the  value  or  appearance  of  the  property 
to  anyone  who  knows  it,  and  demonstrates  as  well  as  anything 
can  that  *'  theoretical  "  depreciation  is  purely  theoretical. 

Mr.  Foster  states  that  "  repairs  are  continually  made  in  the 
endeavor  to  keep  the  property  up  as  near  its  original  value  as 
possible  ".  This  is  evidently  an  over  sight  by  Mr.  Foster,  as  of 
course  he  recognizes  that  repairs  are  made  not  for  the  purpose 
of  keeping  property  up  towards  its  original  value,  but  to  m^- 
tain  it  in  good,  operating  order.  He  is  also  mistaken  in  stating 
that  "It  is  utterly  impossible  that  taking  at  any  moment  the 
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value  of  the  whole  property  could  be  100  per  cent  of  its  original 
value  "  as  it  can  be  easily  recognized  that  a  sudden  rise  in  the 
value  of  real  estate  of  a  marked  difference  in  the  price  of  labor 
and  material  could  easily  result  in  showing  by  appraisal,  the 
value  of  the  property  at  110  or  more  per  cent  of  its  original  cost. 
In  fact  the  values  of  75  per  cent  or  85  per  cent  so  frequently  used 
as  that  of  property  in  good  condition  depends  on  how  much 
of  the  physical  property  is  of  long  life,  or  whether  the  relative 
amount  of  total  investment  is  largely  in  real  estate  or  road-bed, 
which  increases  rather  than  decreases  in  value  with  age. 

With  regard  to  the  Springfield  Street  Railways,  the  author 
entirely  agrees  with  Mr.  Foster  that  the  investment  in  horse 
properties  should  have  been  amortized  out  of  earnings,  if  the 
latter  was  sufficiently  large  to  permit  such  amortization,  other- 
wise the  value  of  the  horse  railways  must  be  left  in  the  capitaliza- 
tion, as  indicated  in  the  paper  under  "  Total  Depreciation  " 
for  example,  although  nothing  of  the  original  physical  property 
remains  for  identification. 

Of  course  ordinary  wear  and  tear  maintenance,  renewals, 
replacements,  obsolescence,  inadequacy,  must  be  taken  care  of 
eventually  as  a  part  of  operating  expenses,  and  paid  for  by  the 
public;  there  can  be  no  question  on  that  point  if  investors  are 
still  to  be  found  willing  to  put  their  money  in  public  utility  prop- 
erties. 

At  first  thought  and  superficially,  it  would  seem  that  the  sum 
of  the  plant  yalue  (the  present  value  determined  by  appraisal) 
and  the  depreciation  fund  /where  one  is  necessary)  should,  at  a 
given  time,  equal  the  original  investment.  As  a  property  kept 
in  good  operating  condition  will  ordinarily  not  be  found  to  be 
in  a  condition  below  75-85  per  cent  of  cost  of  reproduction,  a 
fund  larger  than  15-20  per  cent  would  never  be  required  even 
on  the  theoretical  basis  proposed  by  some  engineers,  and  as  a 
practicable  matter,  a  sum  equal  to  3-5  per  cent  of  the  original 
value,  would  »ordinarily  be  amply  sufficient  for  a  property  uni- 
formly maintained. 

The  ambiguity,  if  such  exists,  which  Mr.  Miller  seems  to  find 
with  regard  to  the  author's  separation  of  development  expense 
from  physical  values,  doubtless  arises  from  the  attempt  to  in- 
clude with  the  physical  values,  those  percentage  items  which  are 
practically  fixed  and  uniform  in  all  cases,  such  as  engineering 
expense,  allowance  for  incidentals,  omissions,  etc.,  and  to  put  in 
a  separate  cl^s  under  the  head  of  development  expense,  those 
items  which  vary  widely  with  local  conditions,  and  individual 
management.  There  certainly  was  no  suggestion  that  de- 
velopment expenses  were  any  less  a  necessary  part  of  the  total 
outlay  required .  than  were  the  physical  costs,  but  the  engi- 
neering expense  for  example  is  practically  always  5  per  cent, 
while  the  costs  of  obtaining  a  franchise  or  the  legal  expenses, 
mti^t.  be  figured  for  the  actual  case  under  consideration  and  vary 
widely.  It  w.Ould.  hardly  seem  fair  in  view  of  the  statement 
made  in  the  paper  under  **  Total  Depreciation  '',  to  state  that 
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the  author  criticizes  the  action  of  companies  in  charging  to  capital 
account  replacement  due  to  obsolescence.  This  is  only  so  in 
case  the  earnings  have  been  suflScient  to  write  off  the  obsolescence 
Mr.  Miller  says  "  Depreciation,  as  well  as  other  loses  in  early 
years  should  be  capitalized  until  the  property  is  earning  all 
expenses."  Certainly  the  Public  Service  Commissions  and  engi- 
neers generally  will  not  agree  with  this  statement  unqualified, 
as  it  would  mean  that  poorly  managed  or  evidently  ill  advised 
investments  should  be  allowed  to  continue  capitalizing  losses 
indefinitely.  There  must  be  some  limit  to  the  capitalization  of 
these  early  losses,  and  while  a  legitimate  and  reasonable  amount 
may  be  capitalized  if  the  earnings  are  too  small  to  cover  the 
depreciation  and  obsolescence,  such  procedure  comes  close  to 
encroaching  on  dangerous  and  unstable  ground.  It  would  be 
interesting  for  Mr.  Miller  to  cite  cases  in  which  depreciation 
has  been  determined  by  estimating  the  amount  **  required  to 
put  the  apparatus  in  a  condition  that  is  practically  as  good  as 
new  "  for  certainly  it  is  not  "  the  usual  process.** 

The  advance  copies  contained  some  typographical  errors  so 
that  the  clause  quoted  by  Mr.  Miller  is  not  clear;  it  should  have 
read  "  while  usually  preferable,  there  exists  no  necessary  reason 
for  always  writing  off  certain  costs,  such  as  engineering,  in- 
cidentals, etc."  the  author's  view  being  apparently  in  accord 
with  Mr.  Miller's,  namely  that  original  engineering  expense  need 
not  necessarily  be  written  off  with  the  depreciation  of  the 
physical  property  which  may  be  renewed  without  such  engi- 
neering expense.  For  example  the  renewal  of  rails  in  track 
would  be*  done  by  the  operating  force  without  any  special  engi- 
neering expense;  therefore  the  original  engineering  cost  remains 
in  the  property,  regardless  of  the  physical  condition  of  the  rails. 
Practically  the  same  method  of  determining  going  value,  (called 
"  development  expense  "  by  Mr.  Gillette,  and  shown  in  his 
tables  1  and  2)  has  been  recognized  and  used  by  the  Railroad 
Commission  of  Wisconsin  for  some  years.  It  has  strong  claims 
for  consideration,  and  if  judiciously  used,  is  applicable  in  many 
cases.  Mr.  Gillette  truly  states  that  no  amount  of  inspection 
can  show  the  rate  of  depreciation  due  to  obsolescence  or  inade- 
quacy, but  neither  can  theorizing  determine  the  rate.  If  Mr. 
Gillette  proposes  to  determine  all  depreciation  from  records 
and  computations  made  in  an  office,  it  would  seem  as  if  his  results 
were  entirely  theoretical  and  hypothetical.  As  it  is  practically 
impossible  for  any  engineer  to  determine  the  amount  of  **  the- 
oretical "  depreciation  from  an  inspection  of  apparatus,  does  not  - 
the  whole  question  of  such  depreciation,  which  must  be  based- 
on  examination  of  records  as  to  dates  of  purchase,  with  an' 
assumption  as  to  probable  life,  result  only  in  speculative  values; 
which  while  possibly  of  service  in  determining  the  price  for 
bargain  and  sale,  has  nothing  whatever  to  do  with  the  value 
on  which  capitalization  should  be  based  or  rates  fixed,  provided 
an  inspection  proves  the  property  is  well  maintained. 
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INDUCTION  MACHINES  FOR  HEAVY  SINGLE  PHASE 
MOTOR  SERVICE 


BY   E.   F.    W.   ALEXANDERSON 


The  experimental  results  and  investigations  presented  in  this 
paper  have  the  object  of  showing  the  possibilities  of  operating 
polyphase  motors  from  single-phase  circuit,  particularly  with  a 
view  of  the  use  of  such  a  system  where  heavy  starting  duty  is 
required.  At  various  times  there  have  been  suggested  schemes 
for  changing  single-phase  current  into  polyphase  current  for  such 
ptirposes,  but  those  schfemes  have  never  been  taken  very  seri- 
ously on  account  of  their  ineffectiveness  in  producing  a  balanced 
polyphase  current. 

The  reason  why  the  author  feels  justified  in  presenting  these 
data  to  the  Institute  is,  that  he  has  succeeded  by  the  scheme 
described  in  producing  a  balanced  polyphase  current  by  an  ap- 
paratus which,  in  cost  and  weight,  is  only  a  fraction  of  the  driving 
motors,  the  motors  being  ordinary  polyphase  motors  with  the 
same  starting  and  running  characteristics  as  such  motors  used  • 
on  ordinary  polyphase  circuits. 

Early  Types 
A  well  known  scheme,  often  thought  of  in  connection  with 
changing  single  phase  current  to  polyphase,  is  the  use  of  an  in- 
duction motor,-  as  shown  in  Fig.    1.     Two   terminals  of  the 
induction  motor  are  connected  to  the  single  phase  line,  whereas," 
all  three  terminals  are  connected  to  the  driving  motor.     If  the 
first  mentioned  machine,  which  may  be  classified  as  a  *'  phase 
converter  ",  runs  at  full  speed  it  generates  a  polyphase  voltage 
which  is  available  for  starting  the  driving  motor.     However,  the ' 
output  of  the  phase  converter  is  very  unbalanced,  and  the  starting 
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torque  of  the  motor  is  so  much  reduced  that  the  system  has  found 
application  only  in  exceptional  cases. 

The  theory  of  the  phase  converter  can  be  treated  with  greater 
facility  if  both  machines  are  considered  as  quarter  phase  instead 
of  three  phase  machines,  and  this  assumption  will,  therefore,  be 
used  in  the  following: 

Considering  the  quarter  phase  connection,  as  shown  in  Fig.  1, 
it  is  apparent  that  phase  A  is  fed  directly  from  the  line,  whereas 
phase  B  of  the  motor  is  fed  through  the  medium  of  the  windings 
of  the  phase  converter.  In  other  words,  whereas  the  working  cur- 
rent in  phase  A  of  the  motors 
needs  to  flow  only  through  one 
winding,  the  working  current 
in  phase  B  must  flow  through 
three  windings,  that  is,  phase 
A  of  the  converter,  phase  B 
of  the  converter  and  phase  A 
of  the  motor.  The  net  result 
is  as  shown  by  theory  as  well 
as  tests,  that  the  maximum 
.starting  torque  of  such  a  com- 
bination is  between  45  per 
cent  and  50  per  cent  of  the  mo  load 
torque  of  the  same  motor  fed 
from  a  polyphase  circuit.  / 
Under  those  circumstances  it. 
would  be  impractical  to  use 
such  a  scheme  for  starting  and 
accelerating  duty,  because  the  maximum  output  of  the  driving 
motors  is  usually  the  limiting  feature  of  the  design. 
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Nature  of  the  Improvements 
The  scheme  presented  by  the  author  is  a  development  from 
the  induction  phase  converter  shown  in  Fig.  1 ;  however,  with  the 
introduction  of  such  improvements  that  the  starting  torque  of 
the  main  motors  is  the  same  as  on  polyphase  current  instead  of 
less  than  one-half  of  that  value. 

The  reason  for  the  ineffectiveness  of  the  phase  converter 
in. accordance  with  Fig.  1  is  the  voltage  drop  in  phase  5,  and, 
furthermore,  the  phase  displacement  between  the  voltage  of 
phase  B  and  the  voltage  of  phase  A.  The  starting  torque  of  a 
quarter-phase  motor  is  proportional  to  the  product  of    the 
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voltages  on  phase  A  and  phase  B  multiplied  by  the  sine  of  the 
phase  displacement  between  phase  A  and  phase  B.  To  illustrate 
this,  it  can  be  said  that  the  starting  torque  is  proportional  to  the 
triangle  representing  a  complete  polyphase  voltage  impressed 
upon  the  motor.  The  voltage  triangles  for  an  induction  phase 
converter  delivering  current  under  the  conditions  of  maximum 
torque  of  the  motor  is  shown  under  the  corresponding  diagrams 
in  Fig.  1. 

It  is  evident,  at  first  sight,  that  the  voltage  at  the  terminals 
of  the  motor  is  very  far  from  a  balanced  polyphase  voltage. 
In  order*  to  improve  these  conditions  it  is  necessary  to  correct 
the  phase  displacement  as  well  as  increase  the  ciurent  in  phase  B. 
In  attempting  to  accomplish  this,  the  first  improvement  which 
suggested  itself  was  to  connect  the  motor  in  series  with  the  phase 
converter.  In  doing  so  the  phase  converter  is  forced  to  act 
like  a  series  transformer  between  phase  A  and  phase  B,  trans- 
forming the  current  from  one  winding  to  the  other  and  dis- 
placing it  at  the  same  time  by  approximately  90  deg.  This 
arrangement  in  itself  effects  a  considerable  improvement  be- 
cause the  phase  converter,  looked  upon  as  a  series  transformer, 
maintains  a  comparatively  good  ratio  between  the  primary  cur- 
rent and  the  secondary  current,  and  the  ratio  of  currents  and 
phase  displacement  rather  improves  by  increasing  load,  whereas, 
the  secondary  voltage  in  the  multiple  connection  decreases 
rapidly  at  increasing  load.  As  a  net  result  of  this  arrangement, 
according  to  experiment,  it  can  be  stated  that  the  starting 
torque  is  about  three-quarters  of  the  starting  torque  with  poly- 
phase current.  Such  a  result,  although  a  considerable  im- 
provement, would  scarcely  be  acceptable.  The  reason  for  the 
lack  of  effectiveness  is  the  fact  that  all  the  lagging  current  that 
must  be  supplied  to  phase  B  of  the  motor  must  be  transformed 
twice  by  the  phase  converter,  passing  from  stator  to  rotor  and 
back  from  rotor  to  stator,  thereby  causing  a  considerable  drop 
in  voltage. 

The  method  which  has  been  found  to  overcome  this  difficulty 
is  to  interpolate  in  phase  B  sl  voltage,  derived  from  the  line, 
so  as  to  create  artificially  a  phase  displacement  between  the 
output  of  the  phase  converter  and  the  input  of  the  motor.  By 
doing  so  the  phase  converter  is  allowed  to  give  an  output  of 
leading  current  instead  of  lagging  current,  whereas,  the  motor 
receives  lagging  current  as  before.  It  should  be  noted  that  the 
current  flowing  in  the  two  machines  is  the  same,  but  it  has  the 
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effect  of  lagging  current  in  one  and  leading  current  in  the  other 
on  account  of  the  artificial  phase  displacement  between  the 
voltages.  The  result  is  that  the  current  output  of  the  phase 
converter  is  not  demagnetising,  but  tends  to  increase  the  voltage, 
and,  in  fact,  as  will  be  shown  in  the  following,  the  voltage  and 
current  of  the  secondary  phase  can  be  entirely  regulated  by  selec- 
tion of  a  suitable  voltage  for  interpolation  between  the  windings. 
The  diagram  of  connections  is  shown  in  Figs.  2  and  3.  In  Fig.  2. 
an  autotransformer  is  used  for  supplying  the  interpolated  voltage 
whereas  in  Fig.  3  the  line  voltage  is  used,  while  phase  B  is  even- 
tually wound  with  a  correspondingly  greater  number  of  turns. 

General  Theory 
Next  to  the  fact  that  the  system  is  operative  the  most  im- 
portant question  to  be  answered  is,  what  are  the  characteristic 
curves  and  the  efficiency  and  power  factor  of  the  combination. 
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Fig.  2 


Fig.  3 


There  are  two  methods  of  analysis  that  could  be  employed  for 
such  a  problem;  a  complete  mathematical  analysis  of  the  elec- 
trical energy  components,  and  the  synthetic  method  dealing 
only  with  input  and  output  and  losses. 

The  mathematical  analysis  of  a  machine  hke  the  ordinary 
single-phase  induction  motor  and  even  the  transformer  have  led 
to  considerable  literature,  and  new  contributions  to  the  same  are 
being  made  all  the  time.  It,  therefore,  appears  that  even  in 
problems  where  the  methods  are  as  well  agreed  upon  as  those 
mentioned,  there  is  considerable  latitude  for  the  personal  point 
of  view  of  the  investigator.  The  problem  before  us  is  a  good 
deal  more  complicated  than  those  mentioned,  and  for  this  reason 
the  complete  mathematical  analysis  will  not  be  attempted,  but 
the  paper  will  be  confined  to  the  statement  of  the  premises  and 
deriving  the  most  important  results  by  a  synthetic  method.  In 
dealingwith  direct  current  the  sjmthetic  method  is  extraordinarily 
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simple  and  used  exclusively.  All  that  needs  to  be  considered  is 
the  energy  terms,  input,  output  and  losses,  which  are  all  measured 
in  watts.  With  alternating  current  there  are  the  wattless  com- 
ponents to  be  considered  which  are  measured  in  volt-amperes. 
There  seems,  however,  to  be  a  law  for  dealing  with  wattless  volt- 
amperes  which  is  almost  as  definite  as  the  conservation  of  energy.  - 
For  practical  purposes  it  can  be  stated  that  all  the  wattless 
volt-amperes  delivered  to  a  circuit  can  be  traced  as  losses  of 
volt-amperes  or  outputs  of  volt-amperes  in  some  parts  of  the 
circuit  or  of  its  subsidiary  circuits  connected  to  the  same  by 
induction  or  rotation.  A  certain  quantity  of  volt-amperes  can 
be  changed  to  another  quantity  by  change  of  frequency  on 
account  of  relative  rotation  of  the  winding.  The  quantities 
are,  however,  strictly  connected  by  the  relative  frequency,  so 
that  it  may  be  said  that  the  volt-amperes  divided  by  the  fre- 
quency is  a  fundamental  quantity  or  magnetizing  effort,  which 
follows  a  law  analogous  to  the  conservation  of  energy. 

A  magnetizing  effort  can  be  generated  only  by  a  battery,  com- 
mutator or  other  rectifying  device,  and  is  usually  introduced  in 
alternating  circuits  through  a  magnetic  field  excited  by  a  direct 
current  furnished  from  the  commutator  of  the  exciter.  Wher- 
ever commutators  occiu*  in  an  alternating  circuit  allowances 
must  be  made  for  the  magnetizing  effort  generated  by  these 
commutators.  However,  in  the  cases  of  purely  inductive  cir- 
cuits like  those  in  the  problem  before  us,  the  law  applies  without 
an  apparent  exception.  Each  alternating  field  consumes  a 
definite  amoimt  of  volt-amperes  for  its  excitation,  and  each 
current  flowing  in  windings  consumes  a  certain  amount  of  yolt- 
amperes  due  to  its  leakage  reactance.  All  that  is  necessary  in 
order  to  find  the  power  factor  of  a  certain  combination  of  alter- 
nating fields,  is  to  sum  up  the  volt-amperes  needed  to  excite  the 
field,  and  the  leakage  volt-amperes  created  by  the  ciurent  in  the 
windings.  These  volt-amperes  added  together  constitute  the 
total  wattless  volt-amperes  of  the  machine  combination.  The 
energy  components  are  figured  in  the  ordinary  way,  adding  to- 
gether output,  core  losses  and  copper  losses  as  determined  by  the 
currents  flowing  in  the  various  circuits.  After  finding  in  this 
way  the  total  energy  input  and  the  total  wattless  kilovolt-am- 
peres,  the  total  input  is  found  as  the  square  root  of  the  sum  of 
the  squares  of  the  energy  input  and  the  wattless  input.  The 
power  factor  can  then  be  found  as  the  ratio  of  energy  input  to 
total  input. 
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In  order  to  use  this  method  it  is  evidently  necessary  to  know 
the  strength  of  the  various  fields  and  the  values  of  the  various 
currents.  However,  it  is  not  necessary  to  know  the  phase  rela- 
tions between  the  fields  and  the  currents,  or  the  relative  phases 
of  currents  and  voltages.  The  values  of  the  individual  quan- 
tities are  comparatively  easy  to  ascertain,  whereas,  a  knowledge 
of  the  phase  relations  requires  a  complete  mathematical  analysis 
of  the  components.  Applying  the  above  to  the  phenomena 
in  the  machine  combination  shown  in  the  diagrams,  Figs.  2 
and  3,  there  are  only  two  currents  to  be  dealt  with. 

Phase  winding  A  of  the  motor  is  connected  in  series  with  phase 
winding\4  of  the  phase  converter,  and  it  is  only  necessary  to 


-VOLTS  LINE=100-- 

FlG.  4. — Vector  diagram  for  starting  condition 

assume  a  value  of  ciurent  for  those  two  windings.  The  cor- 
responding value  of  ciurent  in  phase  B  could  be  determined 
graphically  or  mathematically  in  accordance  with  the  vector 
diagram.  Fig.  4,  but  for  the  sake  of  calculating  the  power  factor 
it  is  only  necessary  to  know,  as  an  experimental  fact,  that  the 
voltage  interpolated  in  phase  B  through  the  winding  of  the  main 
transformer  can  be  regulated  so  as  to  give  the  same  ciurent 
strength  in  phase  3  as  in  phase  A, 

If  the  magnetization  and  leakage  reactance  of  the  phase  con- 
verter as  well  as  the  motor  is  known,  it  is  possible  to  figure  out 
immediately  the  total  wattless  volt-amperes  consumed  by  the 
alternating  fields. 

Fig.  4  shows  the  complete  vector  diagram  for  the  starting 
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condition.  The  resistance  in  the  rotor  circuit  of  the  motor  has 
been  selected  so  as  to  give  maximum  torque  for  any  given  voltage. 
The  values  of  voltages  and  ciurents  are  given  with  reference  to  a 
line  voltage  of  100  in  order  to  make  the  information  contained 
in  the  diagram  more  directly  useful  for  application  to  any  other 
voltage.  In  such  a  case,  all  the  volts  and  ciurents  should  be 
increased  in  proportion  to  the  voltages,  and  the  kilovolt- 
amperes  and  kilowatts  and  torques  in  ratio  of  the  squares  of  the 
voltages. 

The  voltage  interpolated  in  phase  B  has  been  selected  70  per 
cent  of  the  line  voltage  because  it  was  found  experimentally  that 
this  gave  an  equality  of  current  in  phase  A  and  phase  B.  The 
phsise  relations  as  given  on  the  diagrams  are  obtained  from 
the  average  of  several  measurements  made  at  different  voltages, 
but  reduced  to  100  volts,  as  stated  above.  The  diagram  shows 
vectorally  the  current  in  phase  A  and  phase  5,  and  also  how 
those  currents  are  combined  into  the  total  line  current,  using 
70  per  cent  of  the  current  in  phase  B  for  one  of  the  vectors.  This 
is  due  to  the  ratio  of  transformation  in  the  transformer  supplying 
the  interpolated  voltage.  The  line  current  obtained  in  this 
way  agrees  in  value  as  well  as  in  phase  with  the  line  current  found 
by  ammeter  and  wattmeter  measurements.  In  the  diagram  is 
also  shown  the  phase  displacement  or  deviation  from  exact 
quarter-phase  relation.  The  cosine  of  the  angle  of  deviation  is 
0.95.  Hence,  it  can  be  concluded  that  the  starting  torque  is 
reduced  by  5  per  cent  from  what  it  would  have  been  with  exact 
quarter-phase  current. 

Checking  of  Test  Results  by  Calculation 

Of  all  the  factors  that  enter  into  the  complete  analysis,  as 
indicated  by  the  vector  diagram,  it  is  only  necessary  for  practical 
purposes  to  be  able  to  determine  the  following: 

Amperes  line. 

Power  factor  line. 

Torque. 

It  will,  therefore,  be  shown  how  these  quantities  can  be  figured 
out  from  the  fundamental  data  of  the  machine. 

The  machines  used  in  this  test  were  two  25  h.p.,  six-pole, 
60-cycle,  quarter-phase  motors,  with  a  normal  voltage  of  220. 
One  of  the  motors  used  for  the  phase  converter  was  provided  with 
a  squirrel  cage  rotor,  and  the  other  with  a  phase  wound  rotor  and 
collector  rings. 


Digitized  by  VjOOQIC 


1364 


ALEXANDERSON:  INDUCTION  MACHINES    [June  28 


The  following  are  the  constants  of  the  machine : 

Motor  exciting  admittance 0.014+70.095  per  phase 

Motor  impedance 0.39  — jO.57       "       ** 

Phase  converter  exciting  admit 0.01    -f  jO.095     "       " 

Impedance 0.26  — jO.67        «       "  . 

In  order  to  make  these  constants  available  in  a  convenient 
form  for  calculation  of  the  wattless  kilovolt-amperes  and  losses 
at  various  voltages  and  loads,  the  fundamental  curves  shown 
on  Fig.  5  have  been  plotted  giving  the  wattless  kilovolt-amperes 
and  losses  per  phase  of  the  two  machines.  For  the  sake  of  con- 
venience, these  curves  refer  to  voltage  per  phase  of  100  and  the 
corresponding  values  of  current  and  kilovolt-amperes  for  any 
other  voltage  are  found  respectively  by  proportionality  and 
square  of  the  voltage  ratio,  as  stated  above.  The  fundamental 
curves  for  kilovolt-amperes  per  phase  are  figured  as  follows: 


Amperes 
secondary 

kv-a. 

kv-a. 

kw. 

Watt- 
less 
kv-a. 

Input 
kw. 

Input 
kv-a. 

Ampers 
primary. 

0 

0 

0 

0 

0.95 

0.1 

0.96 

9.6 

10 

1.0 

0.057 

1.00 

l.Ol 

1.1 

1.45 

14.5 

20 

2.0 

0.228 

\.99 

1.18 

2.09 

2.35 

23.5 

40 

4.0 

0.912 

3.89 

1.86 

3.99 

4.42 

44.2 

60 

6.0 

2.06 

5.64 

3.00 

5.74 

6.47 

64.7 

The  fundamental  curves  for  the  converter  are  also  shown 
in  Fig.  5  and  are  calculated  in  the  same  way. 

Applying  this  data  to  the  starting  test  it  is  found  that  the 
wattless  kilovolt-ampere  per  phase  of  the  motor  at  46.2  volts  and 
31.8  amperes  is  0.7  kv-a.,  the  wattless  kilovolt-ampere  in  phase  A 
of  the  converter  at  56.5  volts  is  0.79  kv-a.,  and  in  phase  B  at 
58  volts  is  0.81  kv-a.,  making  a  total  wattless  kilovolt-ampere  of 
3.0.  The  input  of  the  motor  per  phase  is  1.31  kw.,  and  the  total 
losses  in  the  converter  are  0.26  kw.,  giving  a  total  input  line  of 
3.14  kw.  If  the  kilowatts  found  in  this  way  are  combined  with 
the  wattless  kilovolt-ampere  the  power  factor  is  found  to  be 
73  per  cent.  For  comparison  it  can  be  stated  that  the  measured 
power  factor  is  72.5  per  cent. 

So  far  it  has  been  assumed  in  the  above  calculations  that  the 
motor  is  supplied  with  a  true  quarter-phase  current.  It  remains 
to  determine  the  phase  displacement  between  the  currents  in 
the  two  phases  in  order  to  find  the  decrease  of  starting  torque 
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due  to  deviation  from  90  deg.  displacement.  Actually  this 
deviation  depends  only  upon  the  magnetizing  current  in  the 
converter.  The  motor,  like  any  induction  motor,  is  magnetized 
by  the  phase  displacement  between  the  current  in  the  rotor  and 
the  current  in  the  stator,  whereas,  the  phase  converter  is  magne- 
tized by  the  relative  displacement  of  stator  ciurent  in  phase  A 
and  phase  5,  or,  to  be  more  exact,  by  the  deviation  from  quarter- 
phase  relation.  This  is  due  to  the  fact  that  the  load  current  that 
is  absorbed  by  one  phase  is  discharged  by  the  other,  so  that  the 
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magnetizing  current  is  leading  with  reference  to  the  load  current 
in  one  phase,  and  lagging  with  reference  to  the  other.  Thus 
the  total  displacement  of  the  two  currents  is  the  sum  of  the  two 
magnetizing  currents.  In  the  case  represented  by  the  diagram 
for  starting,  the  sum  of  the  magnetizing  current  of  the  converter 
is  10.2  amperes.     Hence,  the  deviation  from  quarter-phase  rela- 


tion is  the  sine  ratio  of 


10^2 
31.8 


or  18.5  deg.     The  cosine  of  this  is 


0.95,  or  the  same  as  has  been  found  experimentally  and  as  indi- 
cated on  the  diagram.     The  correctness  of  this  theory  has  also 
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been  checked  by  direct  measurements  of  torque  with  true 
quarter-phase  ciurent  and  with  current  ftirnished  by  the  phase 
converter. 

It  should  be  observed  that,  although  the  decrease  of  starting 
torque  of  5  per  cent  is  for  practical  piuposes  inappreciable,  the 
difference  would  be  much  smaller  with  a  phase  converter  of  such 
proportions  as  would  actually  be  used,  that  is,  of  a  high  speed 
having  a  comparatively  small  magnetizing  current.  Assuming, 
for  instance,  that  the  magnetizing  current  relative  to  the  output 
were  one-half  of  what  it  was  in  the  experimental  tests,  the  cor- 
rection of  the  starting  torque  would  be  1.26  per  cent  instead  of 
5  per  cent;  in  other  words,  quite  negligible. 
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Fig.  6. — Characteristic  curves — connection  as  per  Fig.  2 

Fig.  6  and  Fig.  7  show  the  characteristic  curve  for  the  full 
speed  running  conditio!!  with  interpolated  voltages  of  60  per  cent 
and  100  per  cent  respectively.  The  curve  for  the  power  factor 
is  calculated  by  the  method  described  and  the  points  found  by 
measurement,  indicated  beside  the  curve,  show  the  agreement  of 
theory  and  meastirements.  The  decrease  of  torque  due  to  phase 
displacement  depends  entirely  upon  the  magnetizing  current  of 
the  converter,  and  is  figured  in  the  same  way  as  for  starting.  It 
should  only  be  observed  that  the  correction  must  be  made 
in  watts  input  as  well  as  output,  whereas  for  starting,  the  cor- 
rection applies  only  to  output,  the  balance  being  wasted  in  the 
secondary  starting  resistance. 
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Weight  and  Size  Estimate  for  Practical  Purposes 
The  tests  previously  referred  to,  which  were  made  on  two 
small  60-cycle  motors,  were  undertaken  to  demonstrate  the 
principle  and  confirm  the  theory  and  methods  for  calculations, 
whereas,  the  quantitative  data  derived  from  such  tests  would 
have  no  bearing  on  the  conditions  that  would  exist  if  the  same 
were  imdertaken  on  a  larger  scale.  The  value  of  the  system  for 
practical  ptirposes  can  be  demonstrated  only  by  showing  the 
proportions  of  apparatus  such  as  would  actually  be  used.  The 
system  appears  particularly  to  advantage  when  one  phase  con- 
verter can  be  used  to  furnish  power  to  an  aggregate  of  several 


30     40     (Ml     til}    ioif    [JQ    im    im    vm    :»o 
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Fig.  7. — Characteristic  curves — connections  as  per  Fig.  3 

motors.     For  this  piu*pose  designs  have  been  made  of  a  phase 
converter  of  a  capacity  corresponding  to  1,600  motor  h.p. 

In  the  first  place,  the  relative  proportions  will  be  worth  some 
consideration  on  general  principles.  Inasmuch  as  the  energy  of 
one  of  the  phases  of  the  driving  motor  is  supplied  by  the  line, 
the  output  of  the  converter  must  be  substantially  one-half  of  the 
polyphase  capacity  of  the  motor.  In  the  tests  described  above 
this  was  the  case,  for  the  machines  were  of  the  same  size,  differing 
only,  as  stated,  in  winding  of  the  armatiu-e.  If  it  were  proposed 
for  operating  conditions  to  use  a  phase  converter  with  costs  and 
weight  the  same  as  the  main  motors,  the  system  would  scarcely 
be  acceptable.     However,   with  the  type  of  machines  which 
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would  actually  be  used,  it  appears  that  the  weight  of  the  phase 
converter  is  only  from  one-third  to  one-quarter  of  the  aggregate 
weight  of  the  driving  motors.  The  converter  being  a  machine 
running  light  on  its  shaft  without  carrying  any  mechanical  load, 
can  be  designed  for  the  most  economical  speed,  and  it  appears 
that  this  would  be  a  peripheral  speed  which  is  twice  as  high  as 
the  peripheral  speed  of  the  motor.  Furthermore,  the  weight  per 
kilowatt  is  reduced  because  a  single  machine  is  used  to  serve  an 
aggregate  of  several  motors.  For  these  reasons  it  is  fair  to  as- 
sume that  the  active  material  in  the  phase  converter  is  used  at 
least  twice  as  efficiently  as  the  active  material  in  the  motors. 
The  ratio  between  active  material  and  total  weight  also  favors 
the  converter.  In  the  motors,  the  ratio  between  active  material 
and  total  weight  is  30  per  cent  to  35  per  cent,  whereas  in  the 
phase  converter  that  has  been  designed  for  corresponding  pur- 
poses the  ratio  is  56  per  cent.  On  the  basis  of  these  general 
considerations,  it  appears  that  the  weight  of  the  phase  converter 
would  be  about  30  per  cent  of  the  aggregate  weight  of  the  motor. 
As  an  illustration  of  this  a  detailed  design  for  a  typical  case 
shows  a  still  more  favorable  ratio  of  26.5  per  cent. 

Considering  the  electrical  equipment  as  a  unit  there  are  some 
gains  which  partly  offset  the  additional  weight  of  the  phase 
converter.  With  three-phase  power  the  motors  must  be  supplied 
from  a  three  phase  transformer,  whereas,  if  single-phase  power 
and  a  phase  converter  is  used,  the  three-phase  transformer  can 
be  substituted  by  a  single-phase  transformer.  The  weight  of  a 
single-phase  transformer  is  about  two-thirds  of  the  corresponding 
three-phase  transformer,  and  the  difference  covers  an  appreciable 
part  of  the  weight  of  the  converter.  Altogether  it  can  be 
estimated  that  the  total  increase  in  weight  of  the  electrical 
equipment  for  single-phase  power  will  be  15  per  cent  over  the 
corresponding  polyphase  equipment  with  the  same  output  and 
starting  torque. 

A  comparison  of  the  phase  converter  with  a  motor-generator 
set  of  corresponding  capacity  gives  another  illustration  of  the 
merits  of  the  system.  The  single-phase  capacity  of  the  con- 
verter corresponds  to  the  input  of  one  phase  of  the  motor,  or 
one-half  of  the  total  output,  whereas,  the  single-phJase  motor 
for  a  motor-generator  set  must  have  the  full  capacity  of  the  equip- 
ment. Thus,  the  total  aggregate  capacity  of  the  motors  and 
generators  for  the  motor-generator  sets  is  four  times  as  many 
kilowatts  as  the  phase  converter  for  the  same  power  in  the  driving 
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motors.  On  general  principles  it  should,  therefore,  be  expected 
that  the  weight  of  the  motor-generator  set  would  be  four  times 
as  great  as  the  weight  of  the  phase  converter.  The  figures 
available  for  the  case  under  consideration  indicate  that  the  ratio 
would  be  even  a  little  higher,  or  about  4.5  times,  because  the 
phase  converter  is  favored  by  the  very  simple  squirrel  cage 
construction. 

The  converter  being  of  the  high-speed  type  designed  for  maxi- 
mum eflSciency  of  the  material,  it  will  also  have  a  high  electrical 
efficiency.  The  estimated  efficiency  in  the  instance  given  is 
between  96  per  cent  and  97  per  cent.  The  wattless  current 
absorbed  by  the  converter  is  also  correspondingly  small,  and 
the  power  factor  of  the  combination  can  be  expected  to  be  con- 
siderably higher  than  the  one  shown  in  the  tests  described,  par- 
ticularly when  25  cycles  are  used  instead  of  60  cycles.  The 
efficiency  of  the  converter  indicated  above  is  an  inherent  charac- 
teristic of  the  machine,  whereas  the  exact  figures  for  power 
factor  can  be  given  only  in  combination  with  the  particular 
motors  that  may  be  used. 

In  all  that  has  been  said  and  written  about  systems  for  power 
distribution,  the  expression  *'  single-phase  **  has  invariably  been 
associated  with  commutator  motors.  It  might,  therefore,  throw 
some  more  light  upon  the  subject  to  consider  that  the  possi- 
bilities of  the  induction  motor  for  single-phase  power  are  far 
from  exhausted,  although  they  have  for  a  number  of  years  been 
almost  neglected  or  disregarded.  Realizing  that  polyphase 
induction  motors  are  by  far  the  most  economical  form  of  power 
equipment,  and  that  an  addition  of  15  per  cent  to  the  weight 
of  the  electrical  equipment  will  adapt  the  same  for  single-phase 
power  with  the  same  output  and  starting  torque,  the  subject 
might  be  reopened  for  serious  consideration. 
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ELECTRICAL  OPERATION  OP  THE  WEST  JERSEY  & 
SEASHORE  RAILROAD 


BY    B.    F.    WOOD 


The  proceedings  of  otir  engineering  societies  abound  in  papers 
and  discussions  on  the  merits  of  steam  and  electric  operation  of 
railroads  in  which  data  are  used,  which  to  a  large  extent  are  lack- 
ing in  figures  taken  from  the  actual  cost  of  operation.  A  general 
impression  prevails  that  operating  officers  of  railroads  will  not 
consent  to  the  publication  of  their  operating  costs.  This  to 
some  extent  may  be  true,  but  where  such  figures  are  correctly 
imderstood  and  properly  used  there  should  be  no  objection  to 
their  publication. 

When  the  question  of  presenting  certain  data  pertaining  to 
the  operation  of  the  electrified  portion  of  the  West  Jersey  & 
Seashore  Railroad  before  the  American  Institute  of  Electrical 
Engineers  was  discussed  with  the  management  of  the  Pennsyl- 
vania Railroad,  the  reply  was  made  that  not  only  would  the 
information  be  furnished  but  that  it  would  be  a  pleasure  to 
have  such  information  made  public  through  the  proceedings 
of  the  Institute.  The  following  data  were  taken  direct  from  the 
operating  records  with  only  such  additions  as  would  make  them 
more  readily  understood.  No  effort  has  been  made  to  curtail 
or  to  modify  in  any  respect  the  data  selected. 

It  is  the  object  of  this  paper  to  present  these  data  in  as  con- 
crete form  as  possible  without. comparison  with  the  operation 
of  the  parallel  steam  service,  and  no  attempt  will  be  made  to 
analyze  or  compare  the  data  with  any  that  have  heretofore  been 
presented. 

This  paper  will  be  of  value  if  railroad  engineers  are  encouraged 
to  present  before  the  Institute  similar  data,  and  if  some  standard 
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form  for  the  compilation  of  such  data  is  agreed  upon.     Gompari- 

sons  could  then  be  made  more  readily  and  their  value  enhanced. 

It  is  hoped  that  a  discussion  will  be  developed  which  will 
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Fig.  1 

ciiaole  operating  officers  and  engineers  to  improve  the  efficiency, 
add  to  the  reliability  and  reduce  the  costs  of  operation  of  elec- 
trically operated  railroads.   • 
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No  attempt  will  be  made  to  describe  in  detail  the  construction 
used  in  the  electrification  of  the  West  Jersey  &  Seashore  Railroad 
as  complete  descriptions  can  be  found  by  reference  to  the  files  of 
the  Electric  Railway  Journal.^ 

The  portion  of  the  line  which  is  electrically  operated  extends 
from  Camden,  via  Newfield,  to  Atlantic  City,  a  distance  of 
64.6  miles;  and  from  Newfield  to  Millville,  a  distance  of  10  miles. 
With  the  exception  of  the  Millville  Branch,  which  is  a  single 
track  railroad,  the  line  is  double  tracked  with  a  third  track 
extending  for  a  distance  of  about  six  miles  north  from  Woodbury. 

This  .portion  of  the  W.  J.  &  S.  R.R.  was  originally  operated  by 
steam  and  was  a  single  track  line  south  of  Newfield.  In  the 
latter  part  of  the  year  1905  it  was  decided  to  electrify.  The 
work  was  undertaken  in  December  1905  and  had  progressed  to 
such  a  point  that  in  the  early  part  of  July  1906  the  first  train 
was  moved  electrically.  Regular  operation  by  electric  service 
was  established  in  September  of  the  same  year. 

The  direct  current  over-running  third-rail  system  operating 
at  675  volts  was  chosen  for  this  installation. 

A  map  of  the  West  Jersey  &  Seashore  Railroad  is  shown  in 
Fig.  1,  from  which  the  electrified  portion  can  be  readily  followed. 
The  locations  of  the  power  station  and  the  substations  are  shown, 
as  well  as  the  position  of  the  transmission  line  with  respect  to 
the  line  of  the  railroad. 

In  order  that  the  statements  of  cost  of  operation  and  deten- 
tions to  train  service  may  be  more  readily  understood,  the 
general  characteristics  of  the  electrified  portion  are  given. 

General  Description 
Track: 

Main  line,  Camden  to  Newfield,   double  track,   100-lb. 

rails 30.2  miles 

Main  line,  Newfield  to  Atlantic  City,  double  track,  85-lb. 

rails 34.4  miles 

Main  line,   South  Camden   to  Woodbury,   third  track, 

100-lb.  rails 6.0  miles 

Branch  line,  Newfield  to  Millville,  single  track,  100-lb. 

rails 10.0  miles 

Total  length  of  single  track,  including  sidings 150.0  miles 

Power  Station: 

Location:  Westville,   N.  J.,  on   Big  Timber  Creek,  5.6  miles  from 
Camden   Terminal.     Rated  capacity  8000  kw. 

1.   Street  Railway  Journal,  November  10,  1906. 
Street  Railway  Journal,  October  12,  1907. 
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Equipment  turbine  room: 

Four  2000  kw.  6600  volt,   three-phase,  25  cycle.   Curtis  turbo- 
generators. 

Twelve  700  kw.  6600/33000  volt,  single-phase,  25  cycle,  air  blast 
transformers. 

Three  76  kw.,  126  volt,  Curtis  turbo-exciters. 

Three  12  h.p.  blowers,  20,000  cu.  ft.  per  min.  each. 
Equipment  auxiliary  room: 

Four  Williamson  Bros,  barometric  condensers. 

Four  I.  P.  Morris  &  Co.,  dry  vacuum  pumps. 

Four  I.  P.  Morris  &  Co.,  centrifugal  circulating  pumps, 
(three  driven  by  Reeves  engines;  one  by  Curtis  turbine). 

Two  Cochrane  feed  water  heaters,  each  539  cu.  ft.  capacity  to 
overflow. 


Fig.  2. — Power  house  at  Westville.  N.  J. 

Three  Worthington  boiler  feed  pumps. 

Two  Worthington  make-up  pumps. 

Two  Worthington  step  bearing  pumps. 

One  R.  D.  Wood  accumulator  for  step  bearing,  800  lb.  per  sq.  in  , 

100  gal.  capacity. 
One  R.  D.  Wood  accumulator  for  step  bearing,  100  lb.  per  sq.  in. 
One  Worthington  oil  pump. 
One  Blake  oil  pump. 
Equipment  boiler  room: 

Sixteen  Sterling  water  tube  boilers,  358  h.p.  each,  with  superheaters 

Fourteen  boilers  equipped  with  Roney  stokers. 

Two  boilers  equipped  with  Taylor  stokers. 

Hunt  gravity  return  system  of  coal  handling  used. 
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A  general  view  of  the  exterior  of  the  plant  is  shown  in  Fig.  2.     In 
Fig.  3  a  plan  of  the  station  is  shown. 
Transmission  Line: 

Length,  69.3  miles. 

Line  in  duplicate,  33,000  volt,  Y  connected,  neutral  grounded. 

Poles  of  chestnut,  45  ft.  high,  spaced  125  ft.  apart — 100  ft.  at  road 

crossings. 
Head  guys  used  every  quarter  mile,  approximately. 
Lightning  protective  ground  wire  strung  on  top  of  poles,  4  ft.  above 

nearest  wire,   wire  of  7  stranded  steel  galvanized  cable,   5^5  in. 

diameter.     Grounded  every  fifth  pole. 
Two  cross  arms  on  each  pole.     Top  arm  12  ft.  long  carries  4  insula- 
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Fig.  3. — Plan  of  power  house  at  Westville,  N.  J. 

tors;  lower  arm  8  ft.  6  in.  long    carries  2  insulators.     Insulators 

42  in.  apart,  forming  equilateral  triangle. 
Wire,  No.  1  B.  &  S.,  hard  drawn,  solid  copper. 
Wires  transposed  by  one  complete  spiral  between  each  substation, 

making  a  total  of  seven  transpositions. 
Signal  line  and  lighting  circuit.  1100  volt,  single-phase,  runs  below 

33,000  volt  line  from  Camden  to  Newfield  and  from  Pleasantville 

to  Atlantic  City. 
Substations: 

The  high-tension,  three-phase  current  is  reduced  in  pressure  and 

converted  to  direct-current  at  675  volts  in   eight  substations  lo- 
cated as  follows: 
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South  Camden,  2.3  miles  from  Camden  terminal. 

Westville  (in  power  house)  3.6  miles  south  from  South  Camden. 

Glassboro,  12.1  miles  south  from  Westville. 

Newfield,  12.2  miles  south  from  Glassboro. 

Mizpah  10.9  miles  south  from  Newfield. 

Reega,  10.1  miles  south  from  Mizpah. 

Atlantic  City,  12.5  miles  south  from  Reega. 

Clayville,  8.0  miles  from  Newfield  (on  Millville  branch). 

Equipment: 


Converters 

Total  cap. 

Transformers 

South 
Camden 

Two   750-kw. 
One  1000-kw. 

2500-kw. 

Six  276-kw. 
Three  370-kw. 

WestvUle  - 

Two  750-kw. 
One  1000-kw. 

2500-kw. 

Six  276-kw. 
Three  370-kw. 

Glassboro. .. 

Two  760-kw. 
One  1000-kw. 

2500-kw. 

Six  275-kw. 
Three  370-kw. 

Newfield.  . . . 

Two  750-kw. 
One  1000-kw. 

2500-kw. 

Six  275-kw. 
Three  370-kw. 

Mizpah 

Two  600-kw. 

1000-kw. 

Six       185-kw. 

Reega 

Two  750-kw. 

1500-kw. 

Six       276-kw. 

Atlantic  City 

Two  750-kw. 
One  1000-kw. 

2500-kw. 

Six  275.kw. 
Three  370-kw. 

Clayville 

Two   600-kw. 
One  1000-kw. 

2000-kw. 

Six  185-kw. 
Three  370-kw. 

Alternating 
current 

line 
panels 

Direct 
ctuTent 
feeder 
panels 

2 

2 

2 

6 

4 

4 

6 

5 

4 

4 

4 

4 

2 

4 

2 

2 

Converters,  6-phase,  diametrically  connected,  started  from  alter- 
nating current  end  in  three  steps. 

Transformers  air  cooled,  placed  over  air  duct,  supplied  by  two 
blowers. 

Automatic  oil  line  switches. 

Multigap  lightning  arresters  in  all  stations. 
The  plan  and  section  of  a  typical  substation  are  shown  respectively 

in  Pig.  4  and  5.     Fig.  6  shows  the  exterior  of  the  substation  at 

Newfield. 

Third  Rail: 

Length,  single  rail,  main  line  and  branch 137.12     miles 

Sidings 4.61     miles 

Total 141.73     miles 

Rails: 

Standard  P.  R.R.  cross  section  and  composition,  100-lb.  per  yd. 
Conductivity  equal  to  that  of  copper  rod  of  1,200,000  cm.  cross 

section.     Located  2  ft.  2  in.  from  gauge  line  of  track  and  3|  io- 

higher  than  running  rails. 
Contact  made  on  top  of  rail. 
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Bonded  with  concealed  ribbon  bonds,  solid  copper  terminals, 
pressed  into  one  inch  holes  drilled  in  the  rail.  Two  bonds  per 
joint,  500,000  cm.  each. 

Road  crossing  jumpers  consist  of  one  cable  per  rail,  of  1,000,000 
cm.,  in  bituminized  fibre  conduit  laid  in  concrete. 

Jumpers  brought  out  of  concrete  posts  with  removable  hoods  and 
bonded  to  rail  by  two  stub-end  bonds. 

Third  rails  are  provided  with  protection  boards  at  all  stations  and 
for  20  ft.  on  each  side  of  all  road  crossings.  At  stations  side 
protection  boards  are  also  used.  Top  board,  two  in.  plank, 
supported  on  castings  held  by  maple  posts  placed  six  ft.  apart. 


TRANSVERSE  SECTION  OF  TYPICAL  SUBSTATION 

Fig.  4. — Transverse  section  of  typical  substation. 


The  third  rails  are  sectionalized  at  each  substation,  each  north- 
bound and  each  south-bound  rail  having  a  separate  feeder. 

The  two  rails  are  cross-bonded  at  three  points  between  sub- 
stations. 

No  feeders  are  used  in  connection  with  third  rail. 

In  Fig.  7  is  shown  a  view  of  the  third  rail  approach  block,  the  top 
and  side  protection  for  the  third  rail. 

In  Fig.  8  is  shown  the  third  rail  arrangement  at  cross-over  and 
shows  unprotected  as  well  as  protected  rail.     * 

In  Fig.  9  is  shown  a  general  view  of  the  yard  at  Camden,  in  which 
all  of  the  third  rail  is  protected. 
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Trolley: 

Length  of  single  wire, 

Main  line 8.60  miles 

Sidings 0.04  miles 

Overlapping 0.91  miles 

Total 9.66  miles 

Wire  is  No.  4/0  grooved  section,  supported  by  |-in.  galvanized  steel 

stranded  span  wires  at  a  height  of  22  ft.  above  track  rails. 
There  are  two  760,000  cm.  feeders,  South  Camden  substation  to 
Haddon  Avenue,  Camden,  and  one  600,000  cm.  cable  South  Cam- 
den substation  to  South  Gloucester. 


CiUi>a  LINES 


INCOViHC  LlXIS 


^nOuhO  CONNtCTlOMt 


Fig.  5. — Plan  of  typical  substation. 
Track  Bonding: 

Concealed  ribbon  bonds  used  with  solid  copper  terminals  compressed 

into  one  inch  holes  drilled  in  the  rail. 
Two  bonds  per  joint,  400,000  cm.  each. 
Special  splice  bars  used  to  admit  bonds. 

Bonds  tested  every  six   months  by   means  of  millivoltmeters  and 
Whitney  Bond  Tester. 
Cars  and  Equipment: 

Car  equipment  consists  of: 

79  coaches,  seating  capacity  58. 
2  combined  passenger  and  baggage,  seating  capacity  36. 
6  baggage  and  mail. 
6  baggage. 

Total  93  cars. 
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Coaches  weigh  94,500  lb.  or  1,630  lb.  per  passenger. 

Electrical  equipment  of  each  car  consists  of  two  200  h.p.  motors 

with  multiple  unit  system  of  automatic  control. 
Gear  ratio.  46:29. 

Additional  equipment  has  been  authorized  consisting  of  15  steel 


Fig.  6. — Exterior  of  Newfield  substation 


Pig.  7. — Third  rail  approach  block,  top  protection  and  side 
protection 

coaches,  having  a  seating  capacity  of  72.     The  cars  will  weigh 
103,500  lb.  or  1445  lb.  per  passenger. 
Inspection  Sheds: 

All  inspections  and  repairs  made  in  Camden  shed.     Other  shedg 
used  for  emergency  inspection  and  light  repairs. 
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Camden  shed,  three  tracks,  accommodates  9  cars. 

Atlantic  City  shed,  two  tracks,  accommodates  6  cars. 

Millville  shed, 'one  track,  accommodates  3  cars. 

Third  rail  is  not  continued  into  sheds,  overhead  trolly  being  used. 


Fig.  8. — Third  rail  at  cross-over 


P^H? 

ife.-^^^ 

Fig.  9. — View  of  electrified  yard  at  Camden  terminal 

Cost  of  Construction 
A  table  is  included  showing  the  cost  of  construction  in  con- 
nection with  the  electrification  and  includes  costs  made  neces- 
sary by  electrification.     It  will  be  noted  that  the  electrification 
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costs  represent  less  than  half  of  the  total  cost  involved  in  the 
change  of  motive  power. 

Costs  are  also  presented  showing  the  unit  costs  of  power 
station  transmission  line,  substations  etc. 

COST  OP  CONSTRUCTION 


Power  Stations: 

Building,  stacks,  coal  and  ash  handling  machinery $354,000 

Equipment 640.}00 

Total $994,000 

Transmission  line 241.500 

SMbstclioHs: 

Buildings 72,000 

Equipment 419,560 

Total 491,560 

Third  rail 557.636 

Overhead  trolley 80,500 

Track  bonding 102.659 

Cars 1,135.900 

Car  repair  and  inspection  sheds 46,674 

Right-of-way.  additional 592.100 

Reconstructing  tracks 763,800 

Constructing  new  tracks 2,071,000 

Terminal  facilities  and  changes  at  stations .    252,400 

Signals  and  interlocking  plants 561,900 

Changing  telegraph  and  adding  telephone  facilities 105,100 

Fencing  right-of-way,  cattle  guards,  etc 88,400 

Miscellaneotts  items 44.200 


Total 8,130,229 


UNIT  COST  OP  ELECTRIFICATION 


Power  sUtion,  cost  per  kw $124.36 

Transmission  line,  cost  per  mile 3,485.00 

Substations,  building  and  equipment  cost  per  kw 28. 90 

Third  rail,  cost  per  mile 4,235.00 

Overhead  trolley,  cost  per  mile 4,120.00 

Track  bonding,  cost  per  mile 684.50 

Cars,  including  electrical  equipment  each 12,214.00 


Organization 
With  the  introduction  of  the  electric  service  the  organization 
of  the  road  was  not  changed  but  was  expanded  to  provide  for 
the  new  duties.     A  chart  of  the  Motive  Power  Organization  is 
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shown  below,  which  shows  the  number  of  employees  engaged  in 
the  various  departments: 

.  Snperinteiide&t 

Frt.  Tr.  PaM.         Road  Forenuui      Master  DiT.  Dit. 

Matter    Tk'.  Master  Bncines         Mecliaaic       Bncineer    Operator 


Clerks 


Foreman  power  house  Forenuui  elec.  cars    Line  foreman      14  substation  operators 

1  Clerk  •  1  Clerk  7  Patrolmen       1  Relief  operator 

1  Storekeeper  10  Inspectors  17  Repairmen      1  Substation  repair- 

1  Boiler  room  ens.  1  Foreman  car  bam  man 

3  Water  tenders  1  Air  br.  inspector 
6  Firemen  2  Contactor  map's 

4  Coal  passers  2  Truck  repairmen 

1  Boiler  room  repmn.  1  Armature  inspect. 

1  Tower  man  1  Armature  winder 

4  Helpers  1  Blacksmith 

1  Conveyorman  4  Machinists 
3  Watch  engineers  3  Wiremen 

3  Switchboard  opers.  1  Babbitt  worker 

3  Turbine  oilers  7  Carpenters 

2  Auxiliary  opers.  16  Car  house  helpers 

3  Auxiliary  wipers  1  Janitor 

2  Repairmen  1  Watchman 

1  Machinist 

1  Bricklayer 

1  Blacksmith 

1  Blacksmith  helper 

Cost  of  Operation  and  Maintenance 
The  cost  of  operation  and  maintenance  is  shown  under  several 
headings  as  follows: 

1.  Cost  of  operation  in  cents  per  car  mile. 

2.  Cost  of  operation  and  maintenance  of  Westville  power 
station. 

3.  Cost  of  maintenance  of  high-tension  transmission  line. 

4.  Cost  of  operation  and  maintenance  of  substations. 

5.  Cost  of  maintenance  of  third  rail. 

6.  Cost  of  maintenance  of  trolley. 

7.  Cost  of  maintenance  of  bonding. 

Table  I  shows  the  cost  of  operation  for  the  years  1909  and 
1910,  in  cents  per  car  mile,  and  subdivides  the  cost  of  operation 
into  the  general  headings,  repairs,  electric  equipment  of  cars; 
repairs,  passenger  cars;  other  maintenance  of  equipment  costs; 
electric  power  at  car  shoes;  yard  service,  shifting  cost^motormen; 
trainmen;  train  supplies  and  expenses;  total  of  above;  other 
expenses;  total  expenses.  The  table  also  shows  the  total  car 
miles  per  month  and  the  average  cars  per  train.  The  headings 
of  this  statement  are  probably  sufficiently  explanatory,  other 
than  "  other  expenses,"  which  includes  cost  of  maintenance 
of  way  and  structures,  despatching  trains,  telephone  and  tele- 
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graph,   crossing  gatemen,  together  with  traffic  expenses  and 
general  expenses. 

Table  II  shows  the  cost  of  operation  and  maintenance  of  the 
Westville  power  station  for  the  year  1910.  This  statement 
is   subdivided  under  the   general   headings  of  operation   and 


TABLE  I 

WEST  JERSEY  ft  SEASHORE  RAILROAD 

Electric  train  service 

Passenger  train  statistics 

Cost  of  operation  in  cents  i>er  car  mile 

Year  1909 


January 

February 

March. 

April.. 

May... 

June. . . 

July... 

August 

September. 

October. .. 

November. 

December. 

Avg 


1^ 

h 

*5 


II 


li 


M 

I 


-a 
i 


u 


1.W2.05; 
1.0712.42 


1.18 
1.26 
0.S4 
0.40 
0.33 
0.28 
0.43 
0.64 
0.52 
0.87 
0.68 


1.97 
2.03 
1.73 
0.68 
0.44 
0.40 
0.67 
0.71 
0.39 
1.08 
1.10 


0.481 
0.38 
0.36 
0.25 
0.26 
0.31 
0.12' 
0.14 
0.14! 
0.241 
O.29I 
0.29| 
0.25 


4.78  0. 
4.63  0. 
4.990 
4.43  0 
3.98  0 
3.58  0. 
2.82  0. 
2.75  0. 
2.75  0. 

3.84  0. 

3.85  0. 
12.31  0 

4.30  0 


0.93 
0.91 
0.99 
0.89 
0.88 
0.86 
0.80 
0.75 
0.83 
0.92 
0.95 
1.00 
0.88 


.53  1.20,12.53 
.49  1.22  12.63| 
.65  1.18;  12.83 
.40  0.61  11.32 


1.45  0.45  10.03 

i 


«l 


41  0.42  7.911 

.25  0.40|  6.36 

.18  0.36  6.06! 

.32  0.42  6.81 

53  0.621  8.81 

.70  0.821  8.8l| 
.72  1.30  18.87| 

.44  0.691  9.67 


10.25  22.78 
10.99|23.62 
10.1723.00 
9.14  20.46 
9.18  19.21 
9.35  17.26 
6.95;  13.31 
6.29112.35, 
6.87  13.68 
10.21  19.02! 
9.30  18. 15' 
15.0533.9: 
9.08  18.7, 


279.210, 
258.130 
279.193' 
317.963 
318.006 
339.2941 
478.2031 
517.223 
428.571 1 
307325i 
291.816 
292.1751 
4.107.6091 


3.113| 
3.163 
3.0921 
3.483; 
3.4821 
3.530I 
3.669 
3.921 1 
3.584 
3.046 
3.327 
3.318 
3.4571 


1  January, 

February 
i  March. 

April. . 
\  May. . . 
I  June. . . 

July... 
I  August 

September 

October. . . 

November. 

December. 
I  Avg 


Year  1910 


.  10.86  1.03  0.67 
.0.791.78  0.33 
.1.041.13  0.28 
.  0.62'0.76  0.31 
.  0.57  0.78  0.24 
.  0.79  0.67  0.24 
.10.44  0.46  0.18 
■  I  0.29  0.57  0.15 
0.37  0.54  0.21 


ii: 


4.590. 
5.3810. 
3.87  0. 
4.57  0. 
2.780. 
2.800. 
2.470, 
2.480. 
2.710 


.460.96 
.500.97, 
.48  0.88 
.49!o.97t 


-i« 


450.97, 
.34  0.89 


0.73  1.19  0.28 
11.40  2.45  0.47 
,!o.63  1.94  0.2li 
i0.66  1.0llo.27i 


3.05  0.47  0.91 


3.7l!0.5i;0.96 

3.930. 

3.330 


I'n 


iln 


K510.93 
>.43'0.91 


1.64|2.24  12.45JI 
1.48|l.07|  12.30'' 
1.5110.89  10.081 
1. 62,0.70  10.04 
7.59 
8.12 
6.53 
6.42 
6.91I 
8.84; 


48;0.89;i.4l|0.44' 
1.620.58' 


I  7.22|  19.67 
12.44  24.74 
12.91  22.99 
11.55*21.59 
9.9217.51 
10.13il8.25 


1.39  0.36 
33|0.85'l.38!0.37| 
1.39:0.85;  1.42!0.42, 
1.69{0.52 
1.7110.54  11.75 
1.71  [0.74  10.60| 
1.52|0.67'  8.80 


^1 
6.66  13.19 

5.62I  12.04 

7.34  14.25 

12.3421.18 

10.58'22.33 

12.1322.73 

9.39' 18.19 


292.523 
262.488 
333.252 
302.463 
351.994 
375.023 
565,787 
594.852 
487.543 
339.789 
311.882 
334.936 
4.552.532 


3.1691 
3.I37I 
3.445 
3.344 
3.651 
3.4061 
3.641 
3.811 
3.771 
3.564; 
13.379 
3.494i 
3.5181 


maintenance  and  under  the  further  sub-headings  of  material  and 
labor.  The  statement  shows  the  total  monthly  cost  as  well  as 
the  cost  in  cents  per  kw-hr.  for  each  item. 

The  total  net  output  from  the  station  is  also  shown  as  well  as 
the  pounds  of  coal  per  kw-hr.  and  the  cost  of  coal  per  ton  of 
2,000  lb. 
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Table  III  is  given  showing  the  cost  of  maintenance  of  the  trans- 
mission system,  which  includes  high-tension  transmission,  over- 
head trolley,  third  rail  and  running  track  bonding. 

In  connection  with  the  maintenance  cost  of  overhead  trolley, 
it  should  be  borne  in  mind  that  the  trolley  construction  is  of 

TABLE  III 
WEST  JERSEY    ft   SEASHORE   RAILROAD   ELECTRIC   TRAIN   SERVICE 
Cost  of  maintenance  of  transmission  systems 

Year  1910_ _       __ 

High  Overhead  Third  Ranning 

tension  trolley  rail  track  bonding 


January . . . 

February.. 

March 

April 

May 

June 

July 

.  August. . . . 
i  September. 


October.. 

I  November. 
,  December. 
I  Total  and 
I  avg.  permi. 
{  x>cf  nio .... 


Per 

Per 

Per 

Per 

Total 

mile 

Total       mile 

Total 

mile 

Total 

nae, 

$142.06 

$2.04 

$600.84  $35. 32 

$402.06 

$3.74 

$26.67 

$1.51  1 

400.74 

5.85 

266.38    13.62 

580.80 

4.41 

562.82 

3.75 

198.62 

2.84 

381.28    19.40 

405.55 

3.76 

39.26 

0.»i 

403.44 

6.76 

446.57  46.71 

745.16 

5.26 

t30.24 

0.20  ' 

256.14 

3.66 

201.51   30.40 

1.126.40 

7.05 

100.05 

1.27 

123.21 

1.76 

864.62  90.44 

057.42 

6.75 

312.06 

2.06 

167.00 

2.40 

303.62   41.17 

818.20 

5.77 

404.70 

3.30  1 

357.20 

5.10 

317.40   33.21 

1.631.72 

11.51 

32.00 

0.22' 

508.51 

7.26 

380.73   40.77 

838.87 

5.02 

202.05 

1.35 

604.93 

8.64 

245.75   25.70 

647.27 

4.57 

08.66 

0.66 

171.58 

2.45 

363.35   38.01 

1.062.08 

7.50 

180.83 

1.26 

100.34 

1.43 

244.02   25.52 

1.466.71 

10.35 

125.03 

0.83 

$3,444.57  $4.10 

$4,805.16  $36.70 

$10,864.13  $6.46 

$2,445.72  $1.36 

tCredit  for  scrap  58.75 

TABLE  IV 
WEST  JERSEY  ft  SEASHORE  RAILROAD  ELECTRIC  TRAIN  SERVICE 
Cost  of  operation  and  maintenance  of  substations 
Y«ar  1010 


Total  for  eight  substations 


Operation 


January . . . 
February . . 

March 

April 

May 

June 

July 

August. . . . 
September. 
October, . . . 
November . 
December. . 


$1,573.82 
1.601.78 
1.618.16 
1.728.08 
1.760.46 
1.704.44 
2,006.07 
1.761.03 
1.776.14 
1.744.23 
1.750.62 
1.745.68 


Year $20,852.31 

I 


Maintenance 


$373.10 
147.30 
174.27 
275.64 
370.01 
432.56 
317.62 
104.13 
003.45 
145.00 
142.23 
130.02 


$3,607.30 


Total 


$1,046.02 
1.740.17 
1.702.43 
2.004.62 
2.131.37 
2,226.00 
2.324.50 
1.045.16 
2.670.50 
1.800.22 
1.802.85 
1.875.70 


$24,450.61 


Cost 

per 

kw-hr. 


$0.001136 
0.001157 
0.001035 
0.001251 
0.001267 
0.001310 
0.001047 
0.000811 
0.001285 
0.001060 
0.000086 
0.000820 


$0.001082 


SttbsUtion 

output 

kw-hr. 

675volU 

direct-coirent 


1.655  JOO 
1.460.200 
1.678.400 
1.554.900 

1.635.900 
1.665.600 
2.176.700 
2.349.000 
2.035.200 
1.712.100 
1360.100 
2.109.400 


21.072.300 
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rigid  span  type  and  also  that  current  is  collected  by  a  trolley 
wheel  on  each  car  of  a  train,  the  number  of  cars  per  train  varying 
from  two  to  seven,  the  average  being  about  three. 

Originally  the  ten  mile  line  from  Newfield  to  Millville  was 
equipped  with  overhead  trolley  of  the  same  construction  as 
the  present  line.  This  trolley  was  replaced  by  third  rail  the 
latter  part  of  March,  1910,  hence  the  maintenance  cost  per  mile 
in  Table  3  is  based  on  19.55  miles  to  March,  inclusive,  and  on 
9.55  miles  from  that  time  on. 

The  operation  and  maintenance  of  substations  for  the  year 
1910  is  shown  in  Table  IV.  This  shows  the  cost  of  operation 
and  maintenance  of  the  eight  substations  during  the  year  1910, 
by  month,  as  well  as  the  cost  per  kw.  hr.  output  per  substation 
and  the  output  in  direct  current  at  675  volts. 

Detentions  to  Train  Service 
A  detailed  statement  of  the  detentions  to  electric  train  service 
occurring  during  the  year  1909  is  given  in  table  No.  VIII.  The 
column  headed  "  Number  of  detentions,"  means  number  of 
trains  detained  and  is  subdivided  into  totals  and  per  cent  of 
total.  The  column  headed,  "  minutes  detention  ",  shows  the 
train  nndnutes  of  detention  for  each  cause  and  is  subdivided  into 
the  headings  of  totals  and  per  cent  of  totals.  The  column 
headed  "  car  miles  per  minute  of  detention  ",  shows  the  total 
car  miles  per  train  minute  of  detention  for  each  cause. 

A  further  subdivision  of  the  detentions  due  to  train  equipment 
shown  under  the  general  heading  "  motive  power  ",  is  ^ven  in 
Tables  IX  anS  X  the  first  being  for  the  year  1909  and  the 
second  for  the  year  1910.  This  statement  shows  the  detentions 
that  occurred  during  each  year  by  months  and  it  may  be  well 
to  say  that  the  figiu"e  shown  above  the  line  represents  the  number 
of  detentions,  while  the  figtu-e  below  the  line  represents  the  train 
minutes  delay  for  that  particular  detention. . 

Renewal  of  Parts  of  Car  Equipment 
The  number  of  renewals  of  the  various  parts  of  car  equipment 
for  the  year  1909  is  given  by  months  in  Table  V  and  the  same 
information  for  the  year  1910  is  given  in  Table  VI. 

The  car  mileage  for  1909  being  4,106,765  and  for  1910, 
4,552,056,  it  is  seen  that  the  number  of  car  miles  per  third  rail 
shoe  replaced  in  1909  was  8068  and  in  1910  was  4079,  giving  an 
average  of  about  6005  car  miles  per  replacement.     As  each  car  is 
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eqtdpped  with  four  shoes  this  gives  an  average  life  of  24,020 
miles  per  shoe. 

Likewise  the  number  of  car  miles  per  brake  shoe  was  775  in 
1909  and  722  in  1910  or  an  average  of  about  747  car  miles  per 
replacement.  The  average  life  of  each  brake  shoe  is  therefore 
about  5976  miles. 

The  number  of  replacements  of  the  remaining  items  is  governed 
rather  by  special  occurrences  than  by  mileage,  with  the  exception 
of  the  lamps,  the  average  life  of  which  is  not  readily  obtainable 
owing  to  incomplete  data  concerning  niunber  of  hours  burned. 

A  statement  is  also  included  showing  the  breakage  of  gears  and 
pinions  by  month  for  the  years  1909  and  1910.  This  will  be 
found  by  reference  to  Table  VII. 

TABLE  VII 

WEST  JERSEY  ft  SEASHORE  RAILROAD  ELECTRIC  TRAIN  SERVICE 

Gear  and  ]>inion  breakages 


January 

February. . . . 

March 

April 

May 

June 

July 

August 

September . . 

October 

November. . 
December. . . 

Total 


Table  XI  shows,  by  months,  for  the  years  1907,  1908,  1909 
and  1910  certain  general  power  data,  which  are  included  as 
being  of  some  interest.  This  statement,  shows  the  kw-hr. 
output  from  power  station,  the  cost  in  mills  per  kw-hr.  output, 
pounds  of  coal  per  kw-hr.,  and  the  efficiency  of  transmission  and 
conversion  from  the  alternating  current  bus  in  the  power  station 
to  direct  current  bus  in  substations. 

An  improvement  will  be  noted  in  the  reduction  of  cost  of 
power,  as  well  as  a  reduction  in  coal  consumption  per  kilowatt 
hour.  The  most  marked  improvement,  however,  will  be  noted 
in  efficiency  of  transmission  and  conversion,  which  is  accounted 
for  by  the  fact  that  the  operation  of  the  substations  is  followed 
up  with  care  so  as  to  minimize  the  idle  operation  of  rotaries. 
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TABLE  VIII 
WEST  JERSEY  &  SEASHORE  RAILROAD  ELECTRIC  TRAIN  SERVICE 

Detentions 
Year  1909 


Causes 

Train  detentions,  number,  time 
and  per  cent  for  various  causes 

Number  of 
detentions 

Minutes 
detention 

Car  miles 
per  minute 
detention 

Total 

Percent 

of 

total 

Total 

Percent 

of 

total 

TransporUUion. 
Boat  connection 

51 

1898 

1232 

72 

977 

1723 

1390 

73 

34 

411 

41 

208 

26 

33 

283 

0.553 
20.575 
13.355 
0.781 
10.591 
18.677 
15.068 
0.791 
0.368 
4.455 
0.444 
.  2.255 
0.282 
0.358 
3.068 

180 

8373 

4612 

334 

5517 

7842 

4767 

165 

57 

1312 

127 

860 

261 

194 

1427 

0.403 

18.749 

10.328 

0.748 

12.354 

17.561 

10.675 

0.369 

0.128 

2.938 

0.284 

1.926 

0.584 

0.434 

3.196 

22.815.36 
490.47 
890.45 

12.295.70 
744.38 
523.68 
861.50 

24.889.49 

72.048.50 
3.130.15 

32.336.73 
4.775.31 

15.734.73 

21,168.89 
2,877.90 

<     Baggage,  express  and  mail 

Heavy  travel 

Collecting  tickets 

Train  connections 

Traffic  ahead 

Held  at  signal 

Past  schedule 

Picking  up  and  cutting  off  cars. 
Fog 

Signal  failure 

Accidents 

Obstructions 

Miscellaneotts. 

Total  transportation 

4852 

91.621 

36028 

80.677 

113.98 

\Motiw  pomer. 

'     Power  house  trouble 

15 
14 
12 
11 
3 
1 
1 

1 
253 
237 

0.163 
0.152 
0.130 
0.119 
0.032 
0.011 
0.011 

0.011 
2.742 
2.569 

69 
81 
47 
61 
14 
8 
5 

1 
1920 
1568 

0.155 
0.181 
0.105 
0.137 
0.031 
0.019 
0.011 

0.002 
4.299 
3.511 

59.518.30 

50.700.80 

87.377.90 

67.324.00 

293.b40.40 

513.345.13 

821.353.00 

4.106.765.00 
2.138.94 
2.619.11 

High  tension  line  trouble 

Lightning 

Overloads  in  substations 

Third  rail  shorts 

Third  rail  out  of  place 

Third  rail  anchor  on  fire 

Third  rail   protection   out  of 
place 

Trolley  wire  trouble 

Train  equipment. 

Total  motive  power 

W^atkiT  Conditions. 
Snow,  head  winds,  wet  rail . . . 
Sleet  on  third  rail 

548 

5.940 

3774 

8.451 

1.088.17 

178 
47 

1.929 
0.510 

4043 
812 

9.054 
1.818 

1.015.77 
5.057.59 

Total  weather  condition . . 
Grand  total 

225 

2.439 

4855 

10.872 

845.88 

9225 

100.00 

44657 

100.00 

91.96 

Total  car  mileage 

Car  miles  per  detention 

Cilr  miles  per  minute  of  detention. 


4.106.765 

445.18 

91.96 


Digitized  by  VjOOQIC 


1390 


WOOD:  RAILWAY  OPERATION 


[June  28 


TABLB  XI 
WEST  JERSEY  &  SEASHORE  RAILROAD  ELECTRIC  TRAIN  SERVICB 
General  power  data 


1907 


it 

II 

51 


< 


1906 


January. . 
February. 
March. . . 

April 

May 

June 

July 

August. . . 

September 

October 

November, 

December 


Av.  for  year. . 

January 

February 

March 

Aswil 

May 

June 

July....;.... 

Atigust 

September.... 

October 

November.. . . 
December 


I 


Av. for  year. 


1.959.700 
1.756.500 
1.903.000 
1.869.300 
1.788.800 
1.749.200 
2,426.000 
2.324.400 
2.056.100 
1.836,600 
1.869.500 
2.154.800 

1.962.600 


5-^ 


I 


i 


I  is 

u  C 

35  i£| 


t 


1909 


il 

OS 
II 


9 

II 


c 


€5 


1.911.600 

8.83 

3.91 

72.6 

1.691.500 

7.96 

3.63 

74.5 

1.583.000 

7.76 

3.96 

71.5 

1.464.300 

7.43 

3.95 

74.0 

1.400.400 

6.81 

3.53 

72.1 

1.395.700 

7.65 

3.98 

70.6 

1.938.100 

6.05 

3.65 

71.6 

2.082.000 

6.00 

3.43 

71.6 

1.855.300 

6.07 

3.46 

71.7 

1.849.800 

5.99 

3.53 

82.8 

1.893.600 

5.86 

3.51 

71.3 

2.053.600 

6.00 

3.51 

72.5 

1,759.900 

6.80 

3.67 

72.2 

5.67 

3.23 

5.71 

3.25 

6.04 

3.33 

5.90 

3.27 

5.65 

3.26 

5.77 

3.22 

5.21 

3.25 

5.27 

3.34 

5.28 
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ELECTRIFICATION  ANALYZED,  AND  ITS  PRACTICAL 

APPLICATION  TO  TRUNK  LINE  ROADS,  INCLUSIVE 

OF  FREIGHT  AND  PASSENGER  OPERATION 

BY  WILLIAM  S.   MURRAY 

Succinctly,  the  object  of  this  paper  is  to  place  before  the 
practical  engineer  and  railroad  man  the  facts  concerning 
trunk  line  electrification,  and  bring  home  to  him  the  simple 
truth  that  it  can  be  treated  in  a  class  of  its  own;  practi- 
cally no  exceptions  existing  therefrom.  I  would  recommend 
that  we  be  wary  of  the  old  expression  so  often  repeated — 
'*  Every  situation  is  a  study  in  itself  ",  and  see  if  we  cannot 
recognize  a  standard  that  will  apply  to  all.  In  this  connection 
I  venture  the  opinion  that  there  is  no  trunk  line  situation  that 
exists  tO'day,  but  what  there  is  a  construction  drawing  in  the 
New  Haven  engineering  files  that  would  have  immediate  ap- 
plication. No  one  can  extract  any  individual  credit  for  this 
fact;  it  is  entirely  due  to  the  system  itself,  as  it  possesses  the 
required  elements  of  simplicity  and  flexibility.  The  religion  of 
this  paper  is  to  preach  the  doctrine  of  universal  use  of  single- 
phase  current  on  trunk  line  roads  inclusive  of  suburban  and 
terminal  territory,  as  applied  to  freight  and  passenger  opera- 
tion, and  I  offer  for  consideration  the  standardization  of  11,000 
volts  on  the  contact  wire  and  a  system  frequency  of  25  cycles. 
In  suggesting  11,000  volts  on  the  contact  wire,  this  is  advocated 
for  application  on  railroad  right-of-way  which  may  be  adjacent 
to  foreign  road  territory  to  permit  of  one  company's  equipment 
operating  upon  the  right-of-way  of  another.  This  voltage 
is  recommended  as  a  minimum  potential;  it  being  recognized 
that  there  is  no  objection  to  a  higher  voltage  on  other  lines  in- 
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dividual  to  themselves  where  transmission  economy  can  be 
obtained  by  the  use  of  the  higher  voltage. 

In  recommending  25  cycles  as  standard  for  single-phase 
electrification,  this  is  not  so  much  based  upon  the  successful  use 
of  this  frequency  on  the  New  Haven  road,  as  upon  my  belief 
that  the  future  will  undoubtedly' see  single-phase  locomotive 
induction  motors  and  probably  single-phase  current  received  at 
the  terminals  of  the  locomotive  and  transformed  into  direct 
current  without  the  use  of  any  rotating  element  within  the  loco- 
motive. If  15  cycles,  as  some  have  been  prone  to  recommend 
of  late  years,  be  elected  as  a  standard  frequency,  such  a  fre- 
quency would  handicap,  if  not  eliminate,  the  opportunity  of 
obtaining  one  of  these  two  highly  desirable  alternatives  entirely 
within  reach  by  the  use  of  25  cycles. 

We  have  made  electrification  in  its  various  forms  work.  We 
can  now  make  it  pay.  The  only  possible  way  that  electrification 
can  be  made  to  pay  is  by  electing  such  a  system,  the  yearly 
operating  cost  of  which,  inclusive  of  its  maintenance  charges, 
subtracted  from  the  yearly  cost  of  the  steam  system  it  re- 
places, leaves  a  figure  which  represents  a  little  more  than  the 
interest  on  the  capital  investment  required  for  the  installation  of 
the  electrical  system.  When  the  board  of  directors  of  a  railroad 
company  pass  favorably  upon  an  appropriation  of  several 
millions  of  dollars  to  purchase  power  houses  at,  say,  a  million 
dollars  apiece,  locomotives  at  $30,000  apiece  and  line  construc- 
tion at  $25,000  or  $30,000  a  mile  for  a  four-track  system, 
it  is  not  an  unfair  question  for  that  board  of  directors  (who, 
while  they  may  be  interested  in  eliminating  the  smoke  and  dirt 
incident  to  the  original  system  replaced,  and  be  glad  to  have  the 
assurance  of  the  electrical  engineer  that  the  time  of  switching 
movement  of  the  railroad's  equipments  both  in  yards,  terminal 
property  and  main  line  have  been  reduced)  to  ask  for  a  closer 
analysis  than  this,  and  also  ask  for  some  specific  explanation  as 
to  the  return  each  year  of  a  percentage  of  some  of  the  dollars 
spent. 

In  the  generosity  of  his  heart,  the  practical  railroad  man  has 
looked  with  some  commiseration,  some  kindness  and  lately 
with  some  real  interest  upon  those  electrical  engineers  who  are 
truly  endeavoring,  while  engrossed  in  the  principles  of  their  own 
electrical  art,  not  to  forget  in  their  studies  to  take  into  con- 
sideration the  principles  now  of  such  long  standing  that  have 
placed  the  art  of  steam  railroading  on  its  present  sound  basis. 
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With  that  in  mind  there  follows  in  this  paper  a  series  of  studies 
of  a*  steam  locomotive  as  if  appears  in  its  four  classes,  on  a 
typical  trunk  line  property.  The  whole  problem  of  electrifica- 
tion, if  viewed  from  the  point  of  whether  it  is  to  pay,  settles  down 
to  how  much  it  costs  to  produce  the  necessary  tractive  effort 
required  in 

1.  The  passenger  express  locomotive; 

2.  The  passenger  local  locomotive; 

3.  The  freight  road  engine; 

4.  The  freight  switch  engine; 

together  with  such  other  costs  incident  to  the  electrical  system. 

The  writer,  during  the  past  four  years,  has  had  the  opportunity 
of  studying  these  four  classes  of  steam  locomotives.  The  old 
raikoad  man  when  he  reads  over  these  statistical  records  will 
recognize  the  results.  The  electrical  man,  after  he  has  read 
them,  must  realize  that  to  make  his  electrification  pay  he  must 
be  able  to  reproduce  the  foiu*  classes  of  steam  tractive  efforts 
by  electricity,  with  a  total  investment,  the  interest  on  which 
must  be  carried  by  the  economies  to  be  effected  over  steam 
operation. 

The  Steam  Passenger  Locomotive 

In  a  discussion  of  the  paper  presented  before  the  American 
Institute  of  Electrical  Engineers  by  Messrs.  Stillwell  and  Putnam 
on  January  25,  1907,  the  writer  presented  a  tabulated  set  of 
figures  with  reference  to  the  fuel  required  for  the  operation 
of  steam  passenger  and  freight  locomotives,  and  the  yearly  cost 
of  their  maintenance  and  repairs. 

Briefly  quoting  from  that  discussion.  Transactions  A.I.E.E., 
Vol.  XXYI,  page  146,  and  with  reference  to  the  tables  1  and  2 
there  presented,  showing  the  relation  between  coal  consumption 
and  ton-miles,  the  following  statement  is  made:  *'  An  interesting 
and  valuable  query  is — ^What  fraction  of  a  pound  of  coal  is 
consumed  in  producing  a  ton-mile  in  any  one  of  the  above  ser- 
vices? Tables  2  and  3,  following,  show  that  it  takes  0.169  lb. 
of  coal,  0.194  lb.  of  coal  and  0.335  lb.  of  coal  to  produce  a  ton- 
mile  in  freight,  express  passenger  and  express  local  passenger 
service,  respectively."  In  an  effort  to  condense  as  much  as 
possible  the  discussion,  and  confine  the  remarks  to  the  results 
obtained,  the  writer  omitted  the  presentation  of  the  actual  data 
from  which  the  results  were  obtained;  having  in  mind  that  later, 
and  at  a  more  opportune  time,  this  data  would  be  of  interest. 
A  very  fair  express  and  local  trunk  line  service  is  offered  in  the 
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trains  of  these  respective  classes  between  New  Haven  and  New 
Yprk  City;  and,  as  explained  in  the  discussion  previously  re- 
ferred to,  a  month  was  devoted  to  the  study  of  the  capacity  of 
engines  required  and  the  coal  consumed  in  such  services  over 
the  61.5  miles  of  route  between  New  Haven  and  Woodlawn, 
N.  Y.,  (east  and  west  runs).  In  Figs.  1,  2,  3,  4  and  5,  herewith, 
is  given  information  with  reference  to  average  cut-oflf,  boiler 
presstu-e,  water  consumption,  indicated  horse  power  and  grade — 
all  referred  to  stations  along  the  route  and  supplemented  by  a 
synopsis  of  the  general  engine  and  train  conditions  which  are 
inclusive  of  train  schedule,  weights,  cylinder  and  wheel  sizes, 
etc. 

These  data  were  sectired  for  express  operation,  and  the  manner 
in  which  the  tests  were  conducted  is  covered  in  Transactions 
A.I.E.E.,  Vol.  XXVI,  page  146. 

Figs.  6,  7,  8,  9  and  10,  following,  cover  similar  data  for  the 
steam  local  operation  between  New  Haven  and  Woodlawn 
(east  and  west  runs). 

Figs.  11  and  12  give  the  respective  averages  of  the  aforegoing 
five  tests,  each  for  the  express  and  local  operation.  The  ten 
runs  are  presented,  first,  as  a  record  of  individual  runs,  and 
second,  to  show  how  very  closely  the  tests  checked  upon  them- 
selves. As  Figs.  11  and  12  are  the  summation  and  average  of  all 
other  tests,  the  results  plotted  thereon  can  be  used  as  references, 
rather  than  any  data  on  Figs.  1  to  10,  inclusive. 

Space  required  for  other  matters  does  not  permit  a  generous 
amount  of  discussion  of  these  steam  locomotive  statistics. 
They  present,  perhaps,  some  reassuring  evidence  of  our  effort 
to  become  intimately  acquainted  with  the  problem  the  steam 
engineer  had  solved  before  the  electrical  engineer  assimilated 
it  for  betterment.  The  writer  would  have  liked  to  have  covered 
the  investigation  more  completely  by  a  more  exhaustive  study 
of  the  track  resistance,  using  trains  of  var^dng  weight.  Time, 
however,  in  those  days  was  ever  the  essence  of  the  contract, 
and  the  writer  knew  that  the  choice  of  train  weights  slightly 
below  the  average  conditions  would  bring  constants  for  ton- 
mile  energy  consumption  at  rates  higher,  and  thus  safer  for 
reference  in  settling  electrical  capacities;  and  also  knew  that  the 
future  would  offer  a  better  opportunity  to  study  the  resistance 
problem  by  electric  rather  than  steam  locomotives.  The  two 
data  most  interesting  to  the  writer  in  these  plotted  charts  is  the 
indication  of  the  size  of  locomotive  required  to  accomplish  the 
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express  and  local  schedule  between  New  Haven  and  New  York. 
The  horse  power  per  ton  of  train  movement  immediately  af- 
forded a  check  on  the  capacity  of  the  engine  reqtiired,  showing 
the  normal  size  of  unit  to  be  elected,  which,  under  an  arrangement 
of  multiple  imit  control,  permitted  the  proper  aihount  of  engine 
^  power  to  apply  to  trains  of  varying  weight;  the  other  data  most 
interesting  and  important  to  the  writer  was  the  water  con- 
sumption, giving  a  close  check  on  the  relative  energy  require- 
ments between  express  and  local  service.  This  analysis  of  the 
steam  engine  under  operation  for  tnmk  line  conditions  incident 
to  the  New  Haven  Road,  caused  us  to  choose  for  our  passenger 
unit  a  locomotive,  the  normal  capacity  of  which  was  1000  h.p. 
at  the  rim  of  the  locomotive  wheels,  and  this  size  in  practice 
has  borne  out  our  estimate  of  the  capacity  required.  It  may, 
therefore,  be  said  that  for  trunk  line  conditions  of  the  character 
that  obtain  on  the  New  Haven  Road,  a  locomotive  unit  capable 
of  ^multiple  unit  operation  and  of  1000  h.p.  continuous  capacity, 
is  the  proper  selection  of  unit  size. 

The  Steam  Freight  Locomotive 
-  Stud)ang  the  freight  engine  requirements  of  a  tnmk  line, 
from  a  steam  locomotive  point  of  view,  I  had  conducted  a  series 
of  tests  on  typical  freight  (or  road)  engines,  the  runs  being  over 
a  distance  of  55J  miles,  and  in  this  case  trains  in  the  regular  log 
of  the  New  Haven  operation,  varying  in  weights  between  720 
and  1500  tons,  including  weight  of  engine,  were  used. 

"  *_'Figs.  13,  14,  15  and  16  show  east  and  west  operation  of  trains 
in  the  vicinity  of  1000  tons,  and  typify  the  average  runs  of  trains ; 
these  figures  show  cut-oflF,  boiler  pressure,  speed  and  miles  per 
hour,  indicated  horse  power — besides  giving  other  data  with 

.  reference  to  the  class  of  engine,  size  of  cylinders,  weights,  etc. 
Table  1  shows  the  summation  of  ten  tests,    giving   grand 
averages  for  the  ten  runs. 

It  is  interesting  to  note  in  these  figures  that  the  average 
evaporation  of  water  per  pound  of  coal  is  6.9;  also  to  note  in  the 
nms  indicated  on  Fig.  13  to  16,  inclusive,  that  the  average  in- 

*  dicated  horse  power  varies  from  655  minimum  to  892  maximum; 
the  average  speed  varying  from  23.5  miles  per  hour  minimum  to 
31.5  miles  per  hour  maximum. 

The  electrical  locomotive  we  have  designed  to  handle  our  gen- 
eral class  of  freight  service,  or  what  could  be  correctly  called  our 
electric  freight  road  engine,  has  a  normal  horse  power  rating  of 
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approximately  1400  h.p.  This  capacity  provides  a  margin 
above  the  requirements  indicated  in  the  recorded  tests  as  shown 
in  Figs.  13,  14,  15  and  16.  The  excess  capacity,  however,  is 
highly  desirable  in  virtue  of  it  affording  the  electric  locomotive 
an  opporttmity  to  operate  heavier  trains  and  at  a  higher  schedule 
speed  than  the  steam  locomotive  it  replaces. 

Fig.  17  shows  the  motor  characteristics  of  our  electric  road 
freight  engine  071,  and  Fig.  18  is  a  record  of  tests  made  on 

25  cycle  railway  motor. 
.300  volts.  1000  amperes. 
Continuous  capacity  300  volts,  930  amperes. 
Gear  ratio  34:79  (If  D.  P.)  wheels  63». 
Forced  ventilation. 


Fig.  17. — Speed  torque  characteristics  of  one  of  the  motors  of  Loco- 
motive No.  '*  071  •' 

locomotive  071  operating  on  N.  Y.  N.  H.  &  H.  rails  between 
Stamford  and  New  Rochelle,  hauling  a  dead  steam  locomotive 
with  thirty-seven  freight  cars  and  caboose — the  total  weight  of 
train  being  1438  tons.  It  is  to  be  noted  that  data  on  this  test 
is  inclusive  of  voltage  applied  to  motors,  amperes,  total  kilowatts 
and  speed. 

It  is  of  interest  to  note  that  the  average  speed  over  a  distance 
of  1675  miles  was  36.5  miles  an  hour;  the  average  kilowatt  input 
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being  1,487  kw.  with  an  average  rim  horse  power  at  the  drivers 
of  1650  h.p.,  and  notwithstanding  the  locomotive  was  dragging  a 
dead  engine  throughout  this  run,  it  accomplished  the  work  at  an 
average  energy  rate  of  25.9  watt-hours  per  ton-mile. 

Not  tminteresting  is  the  flexibility  offered  by  the  electric  over 
a  steam  locomotive,  in  noting  that  its  limitation  of  service  is  not 
absolutely  confined  to  one  class.  Fig.  19  is  a  record  of  the  same 
locomotive  (071)  making  a  local  schedule  in  passenger  service 
handling  a  total  train  weight  of  500  tons;  and  notwithstanding 
the  high  ratio   of   the  time  of  acceleration   to  total  time  of 


Teat  No.  1-A 

Harlem  River  Yard.  April  8.  1910. 
Water  uaed.  38.600  lb. 
Anthracite  coal  uaed.  6640  lb. 
Apparent  evaporation,  6.98  lb. 


7KX)     8:00      9:00     10:00    ll.-OO    1«H)0     1:00     itM     8.-00     4.-00 
A.II.  TIME  •*••*• 

Pig.  20. — Water  and  coal  consumption  on  switch  engine 


schedtde,  it  is  to  be  noted  that  the  watt-hours  per  ton-mile  were 
under  60. 

The  Steam  Locomotive  Switcher 
By  far  the  most  interesting  investigation  of  the  four  types 
of  steam  engines  employed  in  trunk  line  service  was  that  of  the 
steam  switching  locomotive,  and  a  careful  insight  into  its  daily 
work  revealed  characteristics  most  surprising  to  the  writer. 
In  the  many  yards  of  the  New  Haven  lines  none  afforded  abetter 
opportunity  to  study  this  type  of  engine  than  at  Harlem  River, 
where  the  duty  imposed  upon  the  switching  locomotive,  beside 
that  of  classification,  included  also  float  work,  calling  into  account 


Digitized  by  VjOOQIC 


1402  MURRAY:  TRUNK  LINE  ELECTRIFICATION    [June 28 

the  necessity  of  heavy  drafts  of  power  and  stistained  for  periods 
longer  than  usual  to  other  switching  yards;  but  even  with 
this  additional  duty  to  perform,  the  relatively  small  amount  of 
energy  required  for  this  work  yielded,  as  before  stated,  a  great 
surprise.  From  April  8th  to  April  29th,  1910  incltisive,  careful 
observations  for  twelve  days  of  switching  movements  were  made 
on  our  switch  engine  2,392;  nine  days  of  which  were  in  the 
Harlem  River  yard  and  three  in  the  Oak  Point  yard.  The  log 
sheets  of  tests  include  reading  of  water  meters  taken  at  frequent 
intervals,  average  boiler  pressure,  time  throttle  open,  time 
engine  in  motion  or  standing,  total  cars  handled,  notation  of 
loads  and  empties.     Space  permitting,   complete  detail    data 

Test  No.  4-A 
Harlem  River  Yard.  A|ml  13.  1910. 
Water  used.  37.200  lb. 
Anthracite  coal  used.  5.700  lb. 
Apparent  evaporation,  6.53  lb. 


96000 


SI  000 


7KX)    8:00      9:00     10:00     IIKX)     12:00     1:00     2:00      3:00      4.-00 
A-M.  TIME  »•'"• 

Fig.  21. — Water  and  coal  consumption  on  switch  engine 

sheets  of  the  twelve  days*  record  would  be  included.  I  have 
taken,  however,  four  of  these  data  sheets  with  their  respective 
curves  plotted  for  water  consumption,  and  again  it  is  to  be  noted 
how  v6ry  closely  the  data  sheets  and  curves  check  one  another. 
Careftil  measurements  of  coal  weights  were  made,  in  order  to 
secure  the  resulting  rate  of  evaporation  which  is  given,  and 
is  noted  to  approximate  seven  pounds  of  water  per  pound 
of  coal. 

As  an  interesting  record  of  the  practical  method  of  coaling  a 
switching  locomotive  for  an  eight-hoiu*  shift,  herewith  are  quoted 
the  words  of  the  engineer  in  his  report  with  reference  to  these 
tests: 

''  About  a  half  hour  before  going  to  work  each  morning  the 
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tank  was  loaded  with  8000  lb.  of  hard  coal.  The  engine  was 
then  taken  to  the  pit  and  fire  cleaned,  and  a  new  fire  of  coal 
built  in  her.  To  build  this  first  fire  reqmred  about  2,500  lb. 
of  coal,  and  the  engine  worked  on  it  for  about  three  hours.  At 
the  end  of  three  hours  the  grates  were  shaken  and  the  fire 
dressed  and  built  up  with  about  1500  lb.  more  coal.  This  second 
fire  lasted  about  two  hours,  and  at  the  end  of  that  time  the 
grates  were  again  shaken,  fire  dressed  and  the  third  and  last 
fire  btiilt.  This  required  about  1500  lb.  and  lasted  until  the 
finish  of  the  eight  hours*  work. 


Test  No.  S-A 

Harlem  River  Yard,  April  21,  1910. 
Water  used.  38.700  lb. 
Anthracite  coal  used.  6,460  lb. 
Apparent  evaporation,  7.10  lb. 


81000 


•  7:00     8K)0      thOO     10:00     IIKX)     12:00     IKX)      2.-00      8K)0     4:00 
A.M.  TIME  ^•"* 

Pig.  22 — Water  and  coal  consumption  on  switch  engine 


'*  After  the  day's  work  was  completed  the  engine  was  taken  to 
the  house  with  coal  remaining  on  her,  and  enough  coal  left  in 
the  tank  to  keep  the  fire  until  the  next  morning  when  the  engine 
went  to  the  pit  to  have  fire  cleaned  and  built  up  for  the  day's 
work  ". 

It  would  be  to  go  ahead  of  our  story  to  speak  of  an  electric 
switcher  here,  but  does  not  the  above  described  operation  suggest 
it? 

Again,  space  does  not  offer  the  o])portunity  to  discuss  the 
hourly  movement  of  the  engine  in  the  yard.  One  brief  para- 
graph from  the  testing  engineer's  report  will  suffice; 
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'*  When  not  pulling  and  loading  floats  the  engine  was  em- 
ployed making  up  trains  to  load  floats,  and  doing  other  mis- 
cellaneous work  *\ 

Not  uninteresting,  too,  is  the  closing  paragraph  of  his  report, 
which  quoted  is  as  follows: 

'*  On  following  the  work  of  engines,  one  is  forced  to  the  con- 
clusion that  the  ratio  of  weight  to  tractive  effort  is  too  low.  This 
may  be  due  to  poor  trackage,  road-bed,  etc.,  but  even  with 
sanded  rails  and  all  other  conditions  available  the  engines  are 
inclined  to  slip,  thus  losing  time  in  accelerating.  This  is  a  bad 
fault  in  a  switching  locomotive,  and  especially  bad  in  such  yards 


Test  No.  t-B 
Oak   Point   Yard.   April   28.    1910 
Water  used.  36.890  lb. 
Anthracite  coal  used. 
Apparent  evaporation. 
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Fig.  23. — Water  and  coal  consumption  on  switch  engine 

as  Harlem  River  and  Oak  Point,  for  since  the  speed  is  limited 
and  the  coupling,  uncoupling,  connecting  air,  etc.,  can  be  only 
done  so  rapidly,  the  only  method  of  increasing  the  amoimt  of 
work  done  is  to  increase  the  accelerating  power  of  the  engine 
used  ".  There  is,  of  course,  this  much  to  be  taken  into  con- 
sideration— ^that  the  more  constant  torque  of  an  electric  locomo- 
tive accelerating  a  drawbar  pull  would  have  less  tendency  to 
slip  than  a  steam  locomotive  accelerating  that  same  pull. 

Tables  2,  3,  4  and  5  and  curves  Figs.  20,  21,  22  and  23,  for 
April  8,  13,  21  and  28,  which,  by  the  way,  were  taken  at  random 
show  operating  data  as  follows  : 
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TABLE  2. 
LOO  OP  TEST  NO  1-A 


HARLBM  RIVER  YARD 

BNGINB  NO.  2392              APRIL  8.  1910 

7       r 

1 

( 

Engine 

Engine        Total 

1 

,     Avg. 

Throttle 

1 

n 

Stand«          cars 

Water   , 

1    boUer    ' 

open       ' 

motion-    ' 

ing          handled 

Water 

rate  lb. 

1 

M. 

S. 

M. 

S. 

M. 

S.  |L. 

B. 

lb. 

per  hour 

1 
8KX)    8:13        200.0 

3 

1 
0 

8 

0 

5 

0       3 

0 

561.8 

11.240 

8:13    8.28        200.0 

6 

35 

12 

40 

2 

20     30 

4 

936.3 

8.530 

8:38    8:43  '     191.7 

5 

20 

9 

25 

4 

35       6 

6 

811.5 

9.130 

8:42    8:53        201.0 

5 

45 

8 

25 

2 

35     3t 

10 

1935.0 

20.190 

8:53    9:10        197.5 

5 

50 

9 

25 

7 

35        2 

3 

811.5 

8.350 

9:10    9:23        196.7 

6 

35 

10 

10 

2 

50      16 

0 

1748.0 

15,930 

9:23    9:41        200.0 

4 

30 

5 

0 

13 

0       Note 

749.0 

9.990 

9:41  10:13  ,     198.0 

9 

35 

15 

30 

16 

30      23 

0 

1810.0  < 

11.330 

10:13  10:31  '     196.3 

8 

30 

10 

10 

7 

50     61 

0 

2184.0 

15.420 

1031  10:51        190.0 

12 

40 

18 

10 

1 

50  1  28 

35 

2497.0 

11.830 

10:51  10:55  '     195.0 

1 

15 

2 

25 

1 

35       3 

0 

374.6 

17.980 

10:56  11:14  {     202.0 

8 

30 

14 

35 

4 

25      17 

12 

1748.0 

12.340 

11:14  11:27  1     202.5 

3 

15 

4 

30 

8 

30       6 

6 

624.0 

11.520 

11:27  11:40        201.0 

8 

00 

9 

0 

4 

0     ,  19 

13 

2247.0 

16.850 

11:40  12.-02        200.0 

6 

55 

11 

35 

10 

25  ,  52 

0 
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17.320 
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3 

10 

5 

45 

7 

15      17 

0 
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20.110 
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7 

55 

12 

0 

11 

0     66 

0 
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8 

0 

12 

50 

7 

10      15 

57 

1873.0 

14.050 

12:58    1:36        200.8 

6 

35 

13 

45 

24 

15     53 

0 

2747.0 

25.030 

1:36    1:53        200.0 

3 

20 

7 

10 

9 

50     23 

0 

1248.0 
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1:53    2K)1   ,     200.0 

6 

0 
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50 
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10  .  40 

0 
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6 

35      14 

1 
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10     20 

0 
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40 

4 

20      15 

0 
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20.740 

2:42    2:56        201.3 

3 

30 

8 

45 

5 

15  ;  29 

0 

1623.0 

27.820 

2'M    3:20  ,     200.0 

5 

35 

10 

55 

13 

5  1  26 

0 

'   1436.0 

15.430 

3:20    3-.35  1     191.7 

i 

7 
ck. 

10 

1  11 

20 

_' 

40     24 

0 

'   1935.0 

16.200 

Note — Pull  car  on  tra 

Total  length  of  time  of  shift. . . . 

...7hr.35mi] 

n. 

Total  time  throttle  open. . . 

...2hr.40mii 

a.  or  35%  of  total 

Total  time  engine  in  motion. 

.... 

...4hr.  18mii 

a.  or  57%  of  total 

Total  time  engine  standing. 

...3hr.  17  mil 

n.  or  43%  of  total 

Total  water  used 

...38.600 

lb. 
lb. 
b.  o 

I  water 

Total  anthracite  coal 

fired. 

. . .  5.540 

App.  eraporation. . . . 

. . .  6.98  1 

Average  rate  of  water  used 

per  hour. 

figured  from  water  used  anc 

1  time  thr 

ottle  open 

between  water  readings.  14.500  lb.  of  water. 
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HARLEM  RIVER  YARD. 


TABLE  3. 
LOG  OP  TEST  NO.  i-A 
ENGINE  2392. 


APRIL  13.  1910. 


Engine 

Engine 

Total 

Avg. 

Throttle 

in 

Stand- 

cars 

Water 

boiler 

open 

motion 

ing 

handled 

Water 

rate  lb. 

Time 

press 

M. 

S. 

M. 

S. 

M. 

S. 

L. 

E. 

lb. 

per  hour 

7:20    7:48 

202.5 

9 

25 

17 

0 

11 

0 

22 

14 

687 

4380 

7:48    7:57 

195.0 

4 

0 

8 

45 

15 

8 

10 

1061 

15.910 

7:67    8:14 

199.3 

8 

55 

12 

45 

4 

15 

26 

27 

1997 

13.440 

8:14    8:36 

198.3 

6 

25 

12 

45 

8 

15 

32 

3 

1311 

12.260 

8:36    8:40 

200.0 

2 

15 

2 

40 

2 

20 

9 

7 

874 

23.300 

8:40    8:66 

200.0 

5 

25 

10 

55 

5 

5 

21 

13 

1124 

13.660 

8:66    9:16 

202.5 

3 

0 

4 

55 

15 

5 

18 

2 

1061 

21.220 

9:16    9:24 

195.0 

5 

30 

6 

10 

1 

50 

38 

2 

1248 

13.610 

9:24    9:43 

191.3 

10 

50 

14 

45 

4 

15 

25 

36 

1685 

9.330 

9:43    9:67 

198.8 

5 

50 

11 

40 

2 

20 

17 

23 

1124 

11.560 

9:57  10:16 

201.0 

9 

45 

16 

15 

3 

45 

31 

20 

1623 

9.990 

10:16  10:32 

200.0 

5 

45 

12 

0 

4 

0 

7 

9 

2122 

22.140 

10:32  10:45 

202.5 

4 

0 

8 

10 

4 

50 

9 

5 

687 

10.310 

10:45  11:19 

201.7 

14 

20 

25 

60 

8 

10 

26 

17 

2746 

11.490 

11:19  11:26 

195.0 

4 

30 

16 

10 

1 

0 

4 

1 

437 

5.830 

11:26  11:48 

196.0 

9 

45 

19 

15 

2 

45 

26 

19 

1623 

9.990 
13.600 

11:48  12.-09 

200.0 

6 

20 

8 

10 

12 

50 

13 

11 

1436 

12K)9  12:25 

199.0 

7 

10 

]1 

20 

4 

40 

20 

29 

1186 

9.930 

12:25  12:40 

200.0 

7 

40 

11 

15 

3 

45 

12 

5 

624 

4.880 

12:40  12:56 

195.0 

6 

50 

9 

15 

6 

45 

49 

6 

1373 

12.060 

12:56     1:15 

192.5 

.8 

50 

14 

20 

4 

40 

18 

12 

1560 

10.600 

1:15     1:34 

196.3 

8 

5 

15 

15 

3 

46 

26 

22 

1248 

9.260 

1:34    1:49 

192.5 

6 

10 

10 

35 

4 

25 

14 

15 

936 

9.110 

1:49     2:00 

200.0 

4 

20 

5 

25 

5 

35 

9 

7  . 

1061 

14.690 

2K)0    2K)6 

200.0 

5 

10 

6 

15 

1 

45 

9 

7 

562 

6.530 

2:08    2:34 

193.8 

5 

35 

10 

5 

15 

55 

22 

4 

1311 

14.100 

2:34     2:53 

191.3 

8 

50 

14 

15 

4 

45 

39 

4 

1935 

13.020 

2:53    3K)6 

202.5 

2 

65 

6 

5 

6 

55 

3 

5 

749 

15.410 

3K)6    3:20 

197.6  j 

7 

45 

10 

10 

3 

50 

24 

35 

1 

1810 

14.010 

Total  length  of  time  of  shift 8  hr.    0  min. 

Total  time  throttle  open 3  hr.  15  min.  or  40.6%  of  total 

Total  time  engine  in  motion 5  hr.  21  min.  or  66.9%  of  total 

Total  time  engine  standing 2  hr.  39  min.  or  33.1%  of  toUl 

ToUl  water  used 37.265  lb. 

Total  anthracite  coal  fired 5,500  lb. 

Approximate  evaporation 6.53  lb.  of  water. 

Average  rate  of  water  used  per  hour,  figured  from  water  used  and  time  throttle  open 
between  water  readings — 11,400  lb.  of  water. 
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HARLBM  RIVER  YARD. 


TABLE  4. 
LOG  OP  TEST  NO.  S-A 
ENGINE  2392. 


APRIL  21.  1010. 


1 

Bngi 

ne 

Engine 

Total 

Avg. 

Throttle 

in 

Stand- 

cart 

Water 

boUer 

open 

motioD 

ing 

handled: 

Water 

rate  lb. 

'       Time 

p«- 

M. 

S. 

M. 

8. 

M. 

8. 

L. 

E. 

lb. 

per  hour 

7dO    8:03 

196.0 

10 

60 

19 

45 

13 

16 

11 

20 

1498 

83.000 

8.03    8:22 

195.0 

8 

15 

14 

5 

4 

55 

46 

5 

1686 

12.250 

8:22    8:42 

200.0 

7 

10 

14 

15 

6 

46 

12 

9 

1498 

12.540 

8:42    8:l>8 

202.5 

2 

35 

4 

40 

11 

20 

4 

2 

1311 

30.490 

8:68    9:10 

189.0 

11 

20 

14 

35 

3 

25 

20 

38 

1873 

9.920 

9:16    9:45 

190.0 

3 

25 

6 

50 

22 

10 

2 

2 

1748 

30.660 

9:45  10H)1 

196.7 

6 

10 

16 

30 

0 

30 

9 

9 

1124 

13,060 

10K)1  10:17 

197.0 

8 

15 

13 

25 

2 

35 

57 

5 

1248 

9.060 

10:17  10:36 

197.5 

9 

0 

14 

20 

4 

40 

16 

18 

1873 

12.400 

10.36  10:48 

193.3 

5 

25 

10 

30 

1 

30 

18 

24 

1186 

13.140 

10:48  IIKW 

190.0 

8 

5 

12 

45 

8 

15 

57 

5 

1810 

13.440 

UK)9  11:24 

195.0 

'  4 

5 

8 

15 

6 

45 

6 

2 

624 

9,180 

11:24  11:45 

192.0 

9 

0 

15 

10 

5 

60 

58 

5  , 

2247 

14.980 

11:45  12.06 

194.0 

13 

35 

16 

35 

4 

25 

24 

37  , 

1935 

8.550 

12:06  12:24 

197.5 

4 

45 

9 

30 

8 

30 

5 

2 

2310 

29.180 

12:24  12:54 

193.3 

12 

40 

24 

10 

5 

50 

11 

4 

1873 

8.870 

12:54     1:13 

192.5 

4 

45 

10 

50 

8 

10 

9 

14 

811 

10.250 

1:13     1:34 

190.0 

7 

10 

13 

55 

7 

5 

7 

11  . 

1561 

13.070 

1:34    1:51 

192.5 

7 

15 

14 

25 

2 

35 

6 

18  1 

1498 

12.400    • 

lr51     2K)9 

197.5 

2 

15 

3 

50 

14 

10 

7 

2 

1311 

34.960 

2K)9    2:46 

197.0 

12 

10 

22 

10 

14 

50 

29 

6 

3870 

19.080    . 

2:46    3K>5 

195.0 

6 

25 

12 

40 

6 

20 

19 

4 

1498 

13.990 

3:05    3^0 

192.5 

7 

15 

13 

20 

1 

40 

25 

49 

1685 

13.945    ! 

3:20    3:30 

187.5 

4 

20 

6 

30 

3 

30 

4 

2 

624 

""j 

Total  length  of  time  of  shift 8  hr.    0  min. 

Total  time  throttle  open 2  hr.  55  min.  or  36.5%  of  total 

Total  time  engine  in  motion 5  hr.  12  min.  or  65.0%  of  total 

Total  time  engine  standing 2  hr.  48  min.  or  35.0%  of  total 

Total  water  used 38 ,700  lb. 

Total  anthracite  coal  fired 6.460  lb. 

^pproximate  evaporation 7.10  lb. 

Average  rate  of  water  used  per  hour,  figured  from  water  used  and   time  throttle  open 
between  water  readings— 12.060  lb.  of  water. 
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OAK  POINT  YARD. 


TABLE  6. 

LOG  OP  TEST  NO.  2-B 

ENGINE  2392. 


APRIL  28.  1910 


Engine 

Engine 

Tot*l 

Avg. 

Throttle 

in 

Stand- 

cars 

Water 

boiler 

open 

motion 

ing 

handled 

Water 

rate  lb. 

Time 

press 

M. 

S. 

M. 

S. 

M. 

S. 

L. 

E. 

lb. 

per  hour 

6:64    7:11 

198.0 

7 

10 

11 

55 

5 

5 

24 

35 

874 

7.320 

7:11     7:44 

191.7 

4 

40 

9 

5 

23 

55 

3 

6 

1436 

18.460 

7:44    7:59 

187.0 

7 

30 

11 

25 

3 

35 

53 

18 

1561 

12.490 

7:59    8:10 

176.7 

5 

0 

9 

40 

1 

20 

10 

17 

874 

10.490 

8:10    8:22 

180.0 

5 

10 

7 

0 

6 

0 

10 

13 

1561 

18.120 

8:22    8:44 

191.7 

7 

45 

15 

5 

6 

55 

44 

6 

2497 

19.330 

8:44    9.01 

185.0 

7 

5 

12 

40 

4 

20 

29 

35 

1748 

14310 

9K)1     9:24 

188.8 

10 

35 

18 

25 

4 

35 

16 

25 

1436 

8.140 

9:24    9:45 

191.7 

2 

40 

5 

20 

15 

40 

22 

3 

936 

21.060 

9:45  10:08 

190.0 

7 

10 

10 

30 

12 

30 

22 

3 

2185 

18.290 

10.-0e  10:20 

190.0 

5 

25 

9 

30 

2 

30 

15 

35 

687 

7.610 

10-.20  10:48 

193.3 

7 

40 

14 

30 

13 

40 

0 

3 

2060 

16.120 

10:48  11:10 

177.5 

10 

45 

16 

40 

5 

20 

30 

16 

2247 

12.540 

11:10  11:30 

182.5 

11 

20 

19 

20 

0 

40 

18 

28 

1498 

7.930 

11:30  11:45 

195.0 

3 

45 

9 

5 

6 

55 

8 

3 

1373 

21.970    1 

,  11:45  11:69 

180.0 

10 

10 

13 

45 

0 

15 

48 

31 

1561 

9.210 

11:59  12:18 

181.3 

6 

15 

12 

5 

6 

55 

2 

10 

1186 

11.390 

12:18  12:33 

186.7 

6 

15 

12 

25 

2 

35 

11 

13 

2934 

28.170 

12:33  12:52 

173.3 

11 

15 

15 

50 

3 

10 

10 

20 

1810 

9.650    1 

12:52     1:32 

190.0 

7 

30 

15 

0 

25 

0 

0 

6 

1061 

8.490    1 

1:32    2:05 

190.0 

8 

10 

12 

35 

20 

25 

3 

8 

749 

5.500 

;     2:05     2:20 

187.5 

7 

10 

10 

40 

4 

20 

3 

6 

874 

7.320    i 

,     2:20    2:35 

198.3 

4 

0 

7 

20 

7 

40 

4 

8 

1373 

20.600 

2:35    2:62 

200.0 

7 

0 

12 

80 

4 

30 

10 

15 

1373 

11.770 

Total  length  of  shift 7  hr.  58  min. 

Total  time  throttle  open 2  hr.  51  min.  or  35.8%  of  total  time. 

Total  time  engine  in  motion 4  hr.  52  min.   or   61.1%   of   total   time. 

Total  time  engine  standing 3  hr.  6  min.  or  38.9%  of  total  time. 

Total  water  used 35.890  lb. 

Average  rate  of  water  used  per  hour,  figured  from  water  used  and  time  throttle  open 
between  water  readings — 12.570  lb.  of  water. 

It  is  interesting  to  note  the  following  averages: 

1.  Total  time  of   throttle  open 36.7    per  cent 

2.  Total  time  engine  in   motion 62.65  per  cent 

3.  Total  time  engine  standing 37.5    per  cent 

4.  Rate  of  water  used   per  hour 12633  lb. 

5.  Total  water  used— 7.5  hours 37603  lb. 

By  these  figures  and  the  curves  plotted  we  are  able  to  get  a 
close  approximation  of  the  average  energy  required  to  be  de- 
livered to  the  drivers  of  a  switching  engine,  and  what  its  maxi- 
mum requirements  are.  Particularly  interesting  is  the  water 
rate  of  12,633  lb.     Assuming  40  lb.  of  water  evaporated  per 
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horse-powerrhour,  which  is  probably  much  lower  than  the 
actual,  it  is  seen  that  the  average  horse  power  during  the  time 
the  throttle  is  open  is  approximately  313  h.p.;  but  it  is  noted  that 
the  engine  is  developing  power  for  only  36.7  per  cent  of  the  time, 
and  thus  the  average  energy  developed  during  the  hour  is  ap- 
proximately 116  h.p.  The  reduction  of  the  energy  developed 
by  a  switching  engine  to  an  average  of  116  h.p.  has  been  some- 
thing of  a  revelation  to  the  writer,  and  the  two  most  important 
things  it  suggests  are: 

L  That  in  switching,  yard  speeds  can  be  greatly  increased 
by  the  use  of  an  electric  switcher  of  very  much  less  engine  ca- 
pacity than  that  used  in  the  steam  switcher. 

2.  On  account  of  the  low  average  rate  of  energy  required  for 
their  operation,  a  central  power  station  will  deliver  at  far  higher 
efficiency  the  power  necessary  to  the  electric  switching  engine, 
than  that  obtained  from  the  power  plant  individual  to  the  steam 
switching  engine  itself. 

Immediate  application  of  this  statement  is  seen  in  the  ratio 
of  the  pounds  of  coal  burned  to  the  number  of  horse  power 
hours  developed,  which  is  seen  to  be  6.4.  Increasing  this  by 
the  coal  burned  during  the  idle  hours  of  the  engine,  this  ratio 
approximates  8.  It  has  been  demonstrated,  that  the  ratio 
between  the  coal  burned  for  operating  passenger  trains  by  elec- 
tric, rather  than  steam  locomotives,  is  1  to  2.  In  the  case  of 
switching  engines  this  rate  is  much  greater;  a  figure  of  1  to  3 
being  conservative. 

Statistical  Record  of  Single-Phase  Trunk  Line 
Operation 

In  the  paper  entitled  "  The  Ix)g  of  the  New  Haven  Elec- 
trification ",  presented  before  the  A.I.E.E.,  by  the  writer  in 
December,  1908,  there  was  given  a  table  of  train  minute  delays 
with  their  causes  and  a  set  of  graphical  charts  supplementing 
them,  which  gave  a  very  fair  idea  of  the  general  character  of  the 
service  resulting  in  the  early  days  of  operation  shortly  after  the 
construction  had  been  sufficiently  advanced  to  permit  a  trial  of 
full  operation  between  Stamford  and  New  York  City. 

In  Figs.  24,  26,  26,  27,  28  and  29,  herewith,  are  given  similar 
data  for  operation  covering  a  consecutive  period  of  six  months — 
one  year  later;  the  service  having  by  that  time  settled  down  to 
something  of  a  more  commercial  character. 

For  the  sake  of  comparison,  it  is  interesting  to  place  these 
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tables  and  charts  of  six  months*  operation  in  proximity  to  each 
other.  The  tables  of  train  minute  delays  for  1908  and  for  1909 
are  therefore  presented  in  the  same  illustrations,  each  with  the 
same  scale. 

Individual  and  collective  train-minute  delays  between  New  York  and  Stamford 


Fig.  24. — Train  minute  delays,  July  1908-1909 
Individual  and  collective  train-minute  delays  between  New  York  and  Stamford 


Fig.  26.— Train  minute  delays,  August  1908-1909 

Reproduced  charts  are  inclusive  of  train  minute  delays  over 
300  minutes;  which,  for  the  reasons  explained,  were  omitted  by 
the  author  in  his  original  paper. 
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The  most  interesting  thing  to  note  in  these  tables  of  more 
recent  operation  is  the  disappearance  of  delays,  with  the  ex- 
ception of  one  amounting  to  over  300  train  minutes.  The  total 
train  minute  delays  for  the  six  months'  consecutive  operation  in 


Individual  and  collective  train-minute  delays  between  New  York  and  Stamford 


u  IS   u  17    19   81   as   tt  S7   » 
Fig.  26.-~Train  minute  delays,  September  1908-1909 


Individual  and  collective  train-minute  delays  between  New  York  and  Stamford 


Fig.  27. — Train  minute  delays,  October  1908-1909 

1908  were  10,373  train  minutes;  and  summing  up  the  train 
minute  delays  for  the  six  months'  consecutive  operation  in  1909 
we  find  the  train  minute  delays  to  be  2,076.  Thus,  the  train 
minute  delays  for  the  six  months  of  1909  were  one-fifth  of  the 
train  minute  delays  for  1908. 
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In  the  summation  sheet  shown  in  Fig.  30  it  is  interesting 
to  note  as  a  more  intimate  acquaintance  with  the  system's 
characteristics  and  a  better  knowledge  of  the  details  that  needed 
correction  or  change  were  impressed  upon  us  in  the  regular  log 

Individual  and  collective  train-minute  delays  between  New  York  and  Stamford 


n  »  tf  t7  ft 
Fig.  28.— Train  minute  delays,  November  1908-1909 

Individual  and  collective  train-minute  delays  between  New  York  and  Stan  lord 
>  uo- 


FiG.  29.— Train  minute  delays,   December  1908-1909 

of  oy)eration,  the  train  minute  delays  steadily  decreased,  with 
the  exception  of  one  month  (in  October  1908)  in  which,  as  brought 
out  in  the  author's  previous  paper,  there  was  a  serious  power 
house  delay,  due  to  the  explosion  of  an  oil  switch.     The  decays 
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as  shown  in  the  same  figure  for  the  six  months  of  the  year 
following  show  the  system's  stability  of  operation,  and  this  was 
anticipated  by  those  who  had  not  composed  its  obituary  in  the 
early  days  of  its  first  trial. 

The  author  has  been  criticized  by  his  engineering  friends  for 
having  written  the  earlier  papier  at  a  time  when  so  poor  a  record 
of  operation  would  have  to  be  shown;  but  it  was  his  thought  at 
the  time  that  no  harm  could  possibly  be  done  by  a  revelation  of 
the  facts,  and  it  was  his  estimate  at  that  time  that  the  criticism 

Train  minutes  delay  between  New  York  and  Stamford 
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Fig.  30. — Tabular  summation  of  train  delays 

would  be  dissolved  in  the  consideration  of  the  actual  facts  that 
were  contributary  to  the  cause  of  the  service  rendered,  and  that 
later  possibly  such  an  opportunity  as  is  now  presented  would 
arrive,  when  the  justification  of  this  stand  could  be  sustained. 
Therefore,  this  record  of  operation  one  year  after  that  presented 
in  the  original  paper,  is  not  offered  in  any  sense  as  a  prcof  o! 
the  reliability  of  service  that  can  be  produced  by  the  single-phasr 
system  of  train  operation.  This  fact  has  been  too  plainly  evi 
dent  by  the  consensus  of  opinion  expressed  in  the  public  and 
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technical  press,  indicating  the  satisfaction  of  the  travelling  pub- 
lic who  have  to  use  the  New  Haven  electrification  in  their 
business.  It  is  to  be  confessed  by  the  author,  however,  that 
there  is  some  personal  satisfaction  involved  in  making  this  in- 
vidious comparison  between  trial  and  practical  operation,  in 
recalling  what  some  of  my  friendly  sceptics  had  to  say  about  our 
system,  but  in  the  same  breath  let  me  say  that  this  is  offered  in 
no  feelings  of  rancor  or  unfriendliness;  on  the  contrary,  this 
record  of  operation  is  presented  with  the  hope  that  it  may  turn 
the  thoughts  of  those  former  friends  into  the  path,  which  before 
seemed  such  a  difficult  one  in  which  to  tread,  the  simplicity  of 
which,  after  the  first  blare  of  false  alarms  is  over,  must  now  come 
into  bold  relief.  

A  comparison  of  the  1909  to  the  1908  train  minute  delays  is 
immediately  indicative  of  the  fact  that  even  in  this  short  time 
the  disturbing  factors  of  the  system  had  disclosed  themselves 
and  had  been  eliminated.  Eighteen  months  after  commercial 
service  was  inaugurated  our  electrical  failure  report  shows  a 
record  of  over  15,700  miles  per  engine  failvu*e.  Between  the 
2d  and  23d  of  November,  1909,  66,000  electric  locomotive 
miles  were  run  off;  and  this  mileage,  which  is  approxi- 
mately eleven  round-trips  from  Ne%v  York  to  San  Francisco,  was 
accomplished  with  a  total  of  three  minutes*  delay.  This  kind  of 
record  is  the  groimd  upon  which  the  Board  of  Directors  of  the 
New  Haven  road  stood  in  ratifjdng  the  system  and  voting  an 
extension  to  apply  to  all  service — ^freight  and  passenger,  inclusive 
of  yards,  terminals  and  main  line  west  of  Stamford. 

These  same  eighteen  months  have  yielded  an  abundance  of 
new  information  concerning  the  characteristics  of  the  system, 
inclusive  of  power  house,  line  and  locomotives.  Though  all  of 
these  departments  contributed  their  share  of  train  delays  in  oiu" 
initial  operation,  the  unlooked  for  troubles,  which  while  not 
in  any  way  fundamentally  attacking  the  principles  of  the 
system,  reflected  upon  it,  for  traffic  delays  are  always  a  great 
factor  in  the  public  estimate,  and  have  sometimes  been 
misapplied  as  arguments  against  the  system  by  those  who 
should  have  discriminated  between  the  incidental  and  the 
fundamental. 

Comparison  between  Electric  and  Steam  Operation.  In  Fig.  31 
is  an  interesting  relation  between  failures  for  trunk  line  service 
of  electric  vs.  steam  operation.  As  is  to  be  noted  in  the  lower 
diagram  of  the  figure,  the  power  house  failtues  in  its  effect  on 
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engine  mileage  is  practically  nil.  On  account  of  the  severe 
handicap  that  has  been  placed  on  the  line  by  steam  locomotive 
stack  discharges  directly  beneath  it,  a  number  of  failtires  per 
100,000  engine  miles  are  recorded.  An  elimination  of  the  steam 
service  under  the  electrified  wires  will  greatly  reduce,  if  not  en- 
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Fig.  31. — Relation  engine  mileage  to  failure 

tirely  eliminate,  failures  due  to  this  part  of  the  electrical  system. 
In  the  upper  diagram  of  the  figure  is  shown  the  relation  of  elec- 
tric engine  mileage  per  failure  vs.  steam  mileage.  It  is  to  be 
noted  in  this  that  the  electric  locomotive  failtu-es  are  nine  per 
100,000  electric  engine  miles,  while  the  steam,  which  is  an  average 
figure  for  all  of  the  divisions  of  the  New  Haven,  is  21.     Thus, 
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the  electric  locomotive  service  is  133  per  cent  better  than  the 
steam. 

Power  House 

The  power  house  of  a  single-phase  system  does  not  differ 
essentially  from  the  power  house  which  generates  high-voltage 
three-phase  current  for  distribution  to  substations  where  it  is 
converted  for  direct-current  car  propulsion,  except  that  greater 
care  should  be  taken  to  include  higher  factors  of  insulation,  due 
to  one  phase  being  grounded.  In  case  of  the  before-mentioned 
system,  as  none  of  the  phases  are  grounded  (even  at  times  a 
ground  on  the  neutral  of  star-wound  generators  being  omitted) 
the  failure  of  an  insulator  does  not  produce  as  severe  a  short 
circuit  (if  any)  as  that  produced  in  the  case  of  the  single-phase 
groimded  system.  A  simple  expedient,  however,  has  been  de- 
vised to  alleviate  this  effect  by  the  introduction  of  impedance 
in  the  leads  of  the  single-phase  generators,  which  confines  the 
short-circuiting  stresses  within  the  windings  of  the  generating 
equipment  to  figtu-es  well  within  proper  safety  factors.  Indeed, 
many  of  the  large  capacity  power  and  lighting  companies  are 
taking  up  the  matter  of  the  installation  of  impedance  coils  for 
their  ungrounded  systems — a  step  which  seems  to  me  wise. 

Our  experience  with  three-phase  generators  indicates  that  their 
choice,  as  against  single-phase,  is  the  proper  one.  The  three- 
phase  star  winding  offers  at  all  times  a  spare  leg  in  any  of  the 
generators,  in  the  event  of  any  trouble  with  the  two  other  legs; 
and  at  the  same  time  permits  simultaneous  supply  of  current 
from  the  same  generating  system  for  the  operation  of  either 
three-phase  or  single-phase  apparatus.  In  the  case  of  the  Cos 
Cob  station,  this  is  instanced  in  the  fact  that  we  are  supplying 
three-phase  current  for  our  Greenwich  lighting  plant  and  are 
now  arranging  for  the  supply  of  power  for  the  operation  of  sub- 
stations at  White  Plains,  Mamaroneck,  Portchester,  Stamford, 
South  Norwalk  and  Bridgeport;  in  which  substations  there 
will  be  operated  motor-generator  or  synchronous  converter  out- 
fits for  the  supply  of  direct  current  for  railway  purposes  at  the 
above  mentioned  places. 

By  the  installation  of  copper-clad  rotating  fields  in  our  gen- 
erators, the  unbalanced  voltage  between  phases  is  reduced  to  a 
minimum,  and  such  as  remains  is  easily  compensated  for  by 
arrangement  of  transformer  taps  in  the  substations  reducing  the 
three-phase  current  from  high  to  low  voltage  for  motor  or  sjm- 
chronous  converter  application. 
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Distribution  System 

As  indicated  in  the  general  wiring  diagram  of  the  system, 
Fig.  32,  this  is  a  unit  system  comprehending  the  main  line  of  the 
New  York  New  Haven  &  Hartford  road  between  Stamford  and 
Woodlawn,  the  six-track  Harlem  River  freight  and  passenger 
connection  from  New  Rochelle  to  the  Harlem  River  Termi- 
nal., New  York  City  and  the  New  York,  Westchester  and 
Boston  line  running  from  the  West  Farms  connection  to 
the  Harlem  River  Branch  up  to  White  Plains,  N.  Y.  It 
is  seen  that  throughout  this  extensive  area,  embracing  in  all 
over  300  miles  of  single  track,  there  is  not  a  single  substation 
and  no  electrical  pressure  higher  than  11,000  volts  is  used.  It  is 
further  to  be  noted  that  all  of  the  copper  installed  over  the 
tracks  just  above  the  steel  contact  wire  is  in  the  same  phase 
imaugmented  by  any  feeders  other  than  the  by-pass  wires  in- 
stalled on  the  lower  cross-arms  of  the  catenary  posts  to  permit 
sectionalization  of  anchor  bridges. 

Of  interest,  also,  is  the  very  successful  control  -system  common 
to  all  of  the  sectionalizing  breakers  throughout  this  triple  ar- 
rangement of  distribution,  the  function  of  which  is  to  insure  a 
reliable  selective  action  of  circuit  breakers  to  confine  any  line 
trouble  to  its  specific  locality,  and  thus  making  immune  all  othef 
parts  of  the  line.  Briefly  described,  the  control  consists  of  a 
single  wire,  upon  which  is  impressed  the  normal  voltage  of  the 
system  when  a  short  circuit  occurs  an)rwhere,  but  not  until  the 
automatic  resistance  at  the  power  station  has  been  cut  in  series 
with  the  line;  at  which  moinent  the  control  wire  through  trans- 
formers passes  current  through  the  tripping  coils  of  the  sec- 
tionalizing breakers,  and  the  two  breakers  that  are  directly  feed- 
ing the  short  circuit  are  immediately  opened.  The  resistance, 
thus  inserted,  however,  has  reduced  the  short-circuiting  current 
to  a  minimum  and  relieved  greatly  the  duty  of  the  opening 
breakers.  The  resistance  scheme  above  mentioned,  has  proved 
itself  to  be  a  most  valuable  acquisition  to  the  system,  serving 
at  once  to  lessen  the  duty  on  both  generating  and  distributing 
apparatus. 

The  Reach  of  System.  In  Fig.  33  is  shown  the  route  arrange- 
ment of  the  three  combined  main  lines — the  New  York  New 
Haven  and  Hartford,  the  New  York  Westchester  &  Boston  and 
the  Harlem  River  Branch. 

In  the  aforementioned,  the  first  comprises  a  route  of  four 
tracks,  the  second  a  combination  of  four  and  two  tracks,  and  the 
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Fig.  33. — Approximate  volt- 
age drop  and   route  diagram. 
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third  six  tracks.  Depending  upon  the  munber  of  tracks,  there 
is  provided  always  a  varying  conducting  capacity  of  the  over 
head  ^vires  and  return  rails.  Throughout  there  is  installed  over 
each  track  one  4/0  copper  conducting  wire  and  one  4/0  steel 
contact  wire;  the  latter  suspended  from  the  former  by  metallic 
clips.  For  future  calculations  it  is  essentially  necessary  to  note 
the  transmission  characteristics  of  the  overhead  and  track  dr 
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CR068  8ECTI0M  OF  OVERHEAD  WIRES 

Pig.  34. — Constants  for  two-track  equipment 

ciiits,  and  to  that  end  a  very  careftd  investigation  was  made  to 
determine  the  constants  of  resistance  of  overhead  wires  and  rail 
rettim,  their  individual  and  mutual  reactance  and  the  resultant 
impedance  of  these  two  right-angular  drop-producing  com- 
ponents. 

The  constants  were  worked  out  for  two,  four  and  six  tracks 
and  the  curves  of  Figs.  34,  36  and  36  are  the  graphical  result  of 
the  investigation. 
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It  is  interesting  to  note  what  the  maximum  drop  on  the 
system  may  be  for  conditions  of  peak  load,  and  appljdng  the 
constants  as  given  by  the  curves  it  is  seen  that  imder  maximum 
supply  of  power  from  Cos  Cob  station  (during  the  5:30  afternoon 
suburban  load  peak)  the  voltage  at  Harlem  River  Station,  which 
is  25.6  miles  from  Cos  Cob,  is  9,151  volts — entirely  sufficient  to 
maintain  all  passenger  and  freight  trains  on  schedule  and  to 
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CROSS  SECTION  OF  OVERHEAD  WIRES 

Fig.  36. — Constants  for  four-track  equipment 

furnish  at  the  same  time  the  necessary  power  to  switching  engines 
doing  duty  on  106  miles  of  classification  and  switching  yard 
tracks,  which  are  a  part  of  the  Harlem  River  Branch  electrifica- 
tion, and  which  are  located  most  remotely  from  the  power 
house. 

Here,  therefore,  we  see  on  a  great  scale  history  repeating 
itself,  for  it  has  ever  been  true  where  a  large  quantity  of.  power 
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and  distance  of  transmission  are  combined,  alternating  current 
has  been  the  chosen  agent  of  transfer. 

Voltage  Regulation.  The  maximum  conditions  of  peak  load 
obtain  on  the  so-called  "  Football  Day  "  (when  Yale  University 
plays  either  Princeton  or  Harvard  at  New  Haven).  On  No- 
vember 19,  1910  the  maximum  peak  at  the  power  house  for  this 
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Fig.  36. — Constants  for  six-track  equipment 


day  was  16,000  kw.  Fig.  37  gives  an  all-day  voltage  chart 
showing  synchronous  clock-recording  voltmeters  registering  the 
potential  in  three  places — the  power  house,  Mamaroneck  tower 
and  Mt.  Vernon  Tower;  the  latter  being  the  junction  of  the  New 
Haven  with  the  New  York  Central  Electrification  (18  miles  from 
the  New  Haven  Power  Station).  In  the  morning  hoiu-s  the 
trains  ar^  dispatched  to  New  Haven  with  a  considerable  more 
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headway  than  the  same  rettiming  trains  at  night.  This  is 
indicated  by  the  heavier  drop  in  voltage  due  to  the  concentra- 
tion of  the  evening  load  between  the  hours  of  5:00  and  9.00.  It 
is  thus  seen  that  the  maximum  line  drop  for  this  extraordinary 
day  at  the  end  of  the  line  is  14  per  cent;  that  the  average  drop 
at  the  end  of  the  line  is  4  per  cent.  Taking  75  per  cent  of  this 
average  drop  at  the  end  of  the  line  for  the  general  transmission 
of  power  to  locomotives  over  the  complete  distributing  system, 
it  is  seen  that  the  average  line  loss  for  this  maximum  day  was 
practically  3  per  cent. 

Storage  batteries  for  trunk  line  electrifications  are  not  eco- 
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Fig.  37. — Drop  on  lines — Bristol  chart 

nomical.  This  is  true  whether  the  propulsion  current  be  di- 
rect or  alternating.  It  is  true  that  the  storage  battery  does 
smooth  out  the  power  station  load  and  lowers  the  rate  of  cost  of 
producing  a  kilowatt-hour,  but  the  thing  that  concerns  us  quite 
as  much  as  the  rate  of  cost  is  the  total  amount  of  kilowatt-hours 
manufactured  in  payment  for  the  luxury  of  the  battery.  A  train 
service  requires  a  certain  mmiber  of  kilowatt-hours.  A  plant 
producing  these  kilowatt-hours  will  be  required  to  manufacture 
more  energy  with  than  without  a  battery  on  its  distributing 
system. 

In  general  it  may  be  stated  that  more  kilowatt-hours  means 
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more  coal,  if  the  efficiency  of  generation  is  the  same.  As  a 
matter  of  fact,  the  efficiency  of  electric  energy  production  is 
higher  with  than  without  the  battery,  on  account  of  the  greater 
constancy  of  load  for  the  former  conditions,  but  the  difference 
is  so  small  that  it  is,  at  least  for  trunk  line  conditions,  offset  by 
the  increase  of  output  required  and  the  cost  of  maintenance  of 
the  battery.  On  account  of  the  established  reliability  of  gen- 
erating equipment  the  argument  for  the  use  of  a  storage  battery 
for  the  supply  of  power  in  the  event  of  power  station  breakdown 
is  now  no  longer  one  of  serious  consideration,  and  so  I  think  it 
is  of  interest  to  note  the  passing  of  the  storage  battery  theory; 
at  least  in  as  far  as  its  application  to  trunk  line  conditions  is 
concerned. 

In  this  connection  should  be  noted  the  great  importance 
of  the  added  freight  and  switching  loads  in  improving  the  station 
load  factor,  due  both  to  the  physical  exclusion  of  freight  trains 
from  main  tracks  during  the  hours  of  passenger  peaks  and  to 
the  latitude  of  operation  afforded  in  fixing  freight  schedules;  thus 
discharging  the  ftinctions  of  a  battery,  while  escaping  the  penal- 
ties of  battery  losses  and  maintenance  charges.  Bearing  di- 
rectly on  this  point  I  quote  from  Mr.  McHenry's  report  to  the 
Commission  appointed  by  the  Massachusetts  State  Legislature 
to  consider  the  subject  of  electrification  within  the  Metropolitan 
District  of  Boston  as  follows: 

Power  stations  if  provided  for  passenger  requirements  only,  will  have  a 
large  unused  capacity  between  the  hours  of  peak  load,  which  otherwise 
could  be  utilized  to  very  good  advantage  for  the  transportation  of  freight, 
and  more  particularly  as  the  occupation  of  tracks  by  passenger  trains 
during  the  hours  of  peak  load  acts  automatically  to  limit  the  simultaneous 
operation  of  freight  trains  at  such  times.  Thus,  little  or  no  additional 
investment  in  power  houses  is  required  to  freight  operation,  and  similarly 
the  overhead  track  equipment  serves  equally  well  for  both  passenger  and 
freight  traffic,  which  makes  it  practicable  to  extend  electric  operation 
to  include  all  classes  of  service  at  the  cost  of  only  the  additional  engines 
and  the  equipment  of  yard  trackage  required  for  freight  service. 

It  therefore  seems  quite  safe  to  conclude  that  no  general  substitution  of 
electric  for  steam  traction  should  be  made  unless  the  substitution  is 
complete,  including  passenger  and  freight  operation  and  yard  switching 
in  addition,  and  also  that  in  making  such  substitution  the  operation  should 
be  extended  to  include  the  full  length  of  run  or  engine  district,  in  order  to 
avoid  the  uneconomical  subdivision  of  the  present  "  train  runs  ",  together 
with  the  added  expense  and  delays  incident  to  intermediate  engine 
transfer  stations. 

Insulation,  There  are  points  in  the  overhead  system  where 
Ihe  factor  of  insulation  should  be  higher  than  at  others.     Prac- 
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tice  has  shown  the  wisdom  of  sectionalizing  the  lines  at  cross- 
overs. At  these  points  it  is  necessary  to  bring  the  electrical 
catenary  cables  to  a  dead  end  and  anchor  bridges  are  supplied 
for  that  purpose.  Oil  switches  must  be  provided  for  cutting  in 
or  out,  as  necessity  may  require,  voltage  on  the  lines  thus 
dead-ended.  In  the  order  of  their  higher  degree  of  insulation, 
requirements,  I  would  mention: 

1.  Sectionalizing  switches 

2.  Sectionalizing  bus-bars. 

3.  Dead-end  catenary  insulators. 

4.  Intermediate  catenary  insulators. 

As  can  be  seen  in  the  wiring  diagram  of  the  system  Fig.  32  the 
whole  track  system  leads  into  the  anchor  bridge  buses,  and  a 
ground  on  them  means  an  immediate  effect  on  any  wire  con- 
nected to  them.  This  reasoning  is  applicable  to  the  switch, 
should  the  ground  be  on  the  bus  bar  side,  and  as  the  switch  is 
a  piece  of  moving  apparatus,  it  is  the  more  difficult  to  insulate 
and  to  keep  insulated,  and  is  therefore  cited  as  the  one  deserving 
of  the  highest  consideration  of  insulation. 

The  dead-end  insulator  has  been  mentioned  third;  let  it  be 
thoroughly  understood,  however,  that  it  is  in  a  class  essentially 
its  own,  and  worthy  of  respectful  attention.  No  insulator 
throughout  the  past  four  years  has  had  our  more  constant  study. 
The  difference  between  insulators  not  under  and  under  mechani- 
cal strain  while  performing  at  the  same  time  their  electrical 
duty  is  marked.  When  the  New  Haven  electrification  was 
completed  in  1908  the  best  dead-end  insulator  then  on  the 
market,  and  there  were  many  firms  competing,  was  one  rated 
at  7,000  lb.  mechanically  and  40,000  volts  electrically,  and  cost 
$27.00.  We  foimd  in  a  very  short  time  that  two  of  these  had  to 
be  used  in  series,  which  with  the  yoke  harness  made  the  cost 
$61.  It  is  interesting  to  note  here  that  in  order  to  secure  an 
insulator  strong  enough  mechanically  to  withstand  a  cross 
catenary  span  in  the  electrification  of  our  Portchester  yard  we 
had  to  design  a  yoke  to  hold  two  of  the  above  insulators  in 
multiple.  To-day  we  have  placed  orders  for  dead-end  (or 
strain)  insulators,  everyone  of  which  is  tested  before  shipment 
for  110,000  volts  under  a  mechanical  strain  of  35,000  lb.,  and 
they  have  an  ultimate  mechanical  tensile  strength  of  50,000  lb. 
The  greatest  credit  is  due  the  manufacturing  companies  who 
have  developed  this  part  of  the  art  to  this  magnificent  residt. 
Indeed,  the  whole  success  of  the  high- voltage  contact  system 
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depended  upon  such  an  attainment;  and  I  can  say,  that  I  no 
longer  have  any  moments  of  anxiety  on  this  score,  and  con- 
sider that  any  fiuther  advance  will  be  principally  along  the 
line  of  economy  in  manufacture.  The  insulator  above  de- 
scribed retails  at  $7,  instead  of  $61 ;  is  capable  of  withstanding 
seven  times  the  ultimate  mechanical  strength  and  three  times 
the  electrical  strain  of  the  original.  This,  in  the  vernacular  of  our 
American  language,  I  think,  is  "  some  progress  ". 

Steel  Contact  Wire,  It  is  difficult  to  place  sufficient  emphasis 
on  the  importance  and  value  of  the  steel  contact  wire  which 
was  suggested  by  Mr.  McHenry  and  put  in  service  on  the  New 
Haven  Lines  in  1908.  Its  adoption  accords  with  the  general 
practice  represented  in  bridge  construction.  Previous  to  its 
adoption  we  had  practically  been  running  on  the  members, 
rather  than  the  floor  of  our  electrical  suspension  bridge.  Every 
highway  bridge,  from  the  smallest  to  the  largest,  carries  in- 
expensive and  replaceable  floor  material.  Likewise,  now,  in 
our  catenary  bridge,  its  floor  is  inexpensive  and  replaceable. 
Its  members  (electrical  conductors)  are  not  being  weakened  and 
its  floor,  though  cheap  in  first  cost,  has  a  long  life.  Interesting 
figures  to  bring  out  the  life  of  this  floor  are  given  in  table  6 
that  follows,  showing  micrometer  measurements  of  the  steel 
wire  taken  at  a  point  of  maximum  wear  directly  in  front  of  one 
of  our  low  highway  bridges  where  the  steel  wire  is  on  a  gradient 
of  2  per  cent;  thus  assuring  a  maximiun  upward  vertical  force 
of  contact  with  the  pantagraph  shoe  of  the  locomotive.  It  is 
interesting  to  note  from  these  readings  that  the  actual  vertical 
wear  of  the  wire  since  its  first  installation  thirty  months  ago,  is 
.028  in.,  which  is  practically  4.5  per  cent  per  year  of  the  half 
diameter  of  the  wire  (one  half  taken  to  permit  wire  to  be  held 
in  clips)  which,  even  on  this  vertical  diameter  basis,  indicates  a 
life  of  over  twenty  years;  but  as  a  matter  of  fact  it  will  be  much 
more  than  this,  for  the  reason  that  as  the  vertical  diameter 
lessens  the  breadth  of  contact  increases  throughout,  thus 
diminishing  the  rate  of  vertical  wear.  Of  further  interest,  too, 
is  the  fact  that  there  is  practically  no  corrosion  on  the  wire;  for, 
like  the  traffic  rails  in  service  (only  much  more  so)  the  wire  is 
constantly  covered  by  a  film  of  grease — due  to  a  generous  amount 
of  this  material  being  placed  on  the  pantagraph  shoe. 

The  steel  wire  is,  in  effect,  a  longitudinal  spring  of  constant 
length,  in  which  the  tension  only  varies  with  the  temperature. 
The  coefficient  of  expansion  of  the  contact  wire  and  its  sup- 
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TABLE  6. 

VERTICAL  MEASUREMENTS  OP  TROLLEY  WIRE  ON  TRACK  NO.  3 

Diameter  in  inches 


i     9/3/08 


12/10/08 


I  ' 

2/17/09       12/16/09  1   2/?8/ll 


Bridge  245 

Center  of  span 

Bridge  244 

Bridge  238 

Center  of  span 

Bridge  237.'. 

Bridge  231 

East  approach 

Low  bridge  40 

Center  approach 

Low  bridge  40 

West  approach 

Low  bridge  40 | 

Bridge  230 

Bridge  226 

Center  of  span 

Bridge  226 

Bridge  222 

Center  of  span 

Bridge  221 

Bridge  214 

Center  of  span 

Bridge  213 

Bridge  160 

East  approach 

Low  bridge  27 

Center  of  low  bridge 

West  approach  low  bridge 

Bridge  159 

Bridge  150 

East  approach 

Low  bridge  25 

Center  of  low  bridge 

West  approach  to 

Low  bridge 

Bridge  149 

Bridge  147 

East   approach  low    bridge 

(24) , 

Center  of  low  bridge 

West  approach  low  bridge. 

Bridge  146 

Center  of  span 

Bridge  145 

Bridge  142 

Bridge  137 

Center  of  span 

Bridge  136 


0.483 
0.484 
0.486 
0.487 
0.476 
0.483 
0.486 

0.483 

0.479 

0.478 
0.484 
0.482 
0.483 
0.480 
0.478 
0.487 
0.490 
0.484 
0.484 
0.472 
0.476 

0.475 
0.469 
0.476 
0.478 
0.471 

0.471 
0.480 

0.476 
0.486 
0.501 

0.478 
0.502 
0.503 
0.486 
0.492 
0.496 
0.472 
0.471 
0.472 
0.478 


0.475 
0.480 
0.483 
0.483 
0.483 
0.474 
0.486 

0.478 

0.473 

0.447 
0.470 
0.479 
0.472 
0.478 
0.481 
0.481 
0.480 
0.484 
0.460 
0.467 
0.470 

0.480 
0.474 
0.469 
0.475 
0.470 

0.478 
0.477 

0.477 
0.475 
0.508 

0.476 
0.500 
0.498 
0.491 
0.488 
0.498 
0.474 
0.474 
0.476 
0.480 


0.487 
0.484 
0.483 
0.480 
0.476 
0.482 

0.477 

0.471 

0.470 
0.474 
0.478 
0.476 
0.476 
0.472 
0.466 
0.496 
0.479 
0.477 
0.470 
0.471 

0.466 
0.474 
0.465 
.0.478 
0.467 

0.480 
0  470 

0.476 
0.472 
0.504 

0.490 
0.492 
0.505 
0.488 
0.480 
0.486 
0.474 
0.469 
0.469 
0.478 


0.487 
0.483 
0.481 
0.478 
0.458 
0.462 
0.472 

0.450 

0.443 

0.446 
0.470 
0.461 
0.467 
0.463 
0.470 
0.462 
0.461 
0.476 
0.441 
0.460 
0.466 

0.463 
0.467 
0.466 
0.472 
0.460 

0.474 
0.472 

0.477 
0.474 
0.500 

0.482 
0.489 
0.491 
0.479 
0.486 
0.483 
0.466 
0.465 
0.466 
0.474 


0.486 

O.tf? 

0.444   ' 

0.475 

0.440 

0.443 

0.453 

0.429 

0.422 

0.423 
0.457 
0.444 
0.425 
0.430 
0.445 
0.429 
0.450 
0.467 
0.432 
0.455 
0.482 

0.463 
0.432 
0.446 
0.464 
0.459 

0.409 
0;465 

0.468 
0.468 
0.493 

0.471 
0.465 
0.490 
0.478 
0.482 
0.478 
0.467 
0.402 
0.400 
0.472 
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porting  catenary  -cable  being  the  same,  the  difficiilt  and  objec- 
tionable adjustments  which  are  incident  to  a  combination  of 
copper  and  steel  are  avoided. 

It  was  thought,  that  the  extreme  variations  in  temperature  might 
cause  the  contact  wire  to  break,  but  this  feature,  happily,  has 
not  manifested  itself.  Our  experience  with  this  steel  wire 
justifies  its  presence,  and  it  will  be  used  throughout  our  catenary 
construction  over  the  New  York,  New  Haven  and  Hartford, 
Harlem  River  Branch  and  the  New  York,  Westchester  &  Boston 
electrification;  thus  serving  something  over  300  miles,  measured 
in  single  track. 

Electric  Locomotives 

In  the  writer's  previous  paper  there  was  given  a  list  of  me- 
chanical and  electrical  changes  that  were  being  made  in  the 
New  York,  New  Haven  and  Hartford  passenger  type  of  locomo- 
tive and  in  the  two  years  past  an  excellent  opportunity  has 
afforded  to  observe  the  result.  No  better  index  of  the  result 
could  be  evidenced  than  by  the  train  minute  delay  statistics  for 
six  months  of  consecutive  operation  previously  cited.  As  is 
always  the  case,  new  designs  and  practices  include  theoretical 
features  which  in  practice  are  generally  transformed  into  nui- 
sances. The  New  Haven  locomotives  were  no  exception  to  this 
rule.  Handicapped  by  the  imposed  condition  of  interchangeable 
operation  on  alternating-  and  direct-current  systems — even 
with  this  complication  to  start  with — to-day  a  closer  inspection 
of  the  actually  necessary  control  shows  great  simplification. 
The  simplicity  of  the  straight  alternating-current  single-phase 
control  above  all  others  can  hardly  be  argued. 

The  introduction  of  a  completely  cushioned  locomotive  (with 
the  exception  of  the  wheels  and  axles)  on  heavy  trunk  line  rails 
was  one  of  keen  interest  to  the  maintenance-of-way  depart- 
ment, and  a  careful  study  of  its  effect  is  being  made.  They  have 
already  reported  a  decided  betterment  of  rail  life  and  alignment 
since  its  introduction.  Indeed  it  is  not  difficult  to  appreciate 
this  natural  result,  due  to  the  absorption  of  wheel  impacts  by 
the  locomotive  springs  rather  than  by  the  track.  In  the  quill 
spring  arrangement  as  installed  on  the  first  New  Haven  locomo- 
tive the  actual  impact  forces  were  under-estimated  and  the 
quantities  of  helical  springs  broken  gave  ample  evidence  of 
the  deleterious  forces  at  work.  A  much  stronger  set  of  helical 
springs  was  the  answer.     The  quill  drive  with  its  various  arrange- 
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ments  of  spring  support,  by  helical,  tangential  or  other  method, 
must  answer  to  the  charge  of  placing  a  greater  first  cost  on  the 
locomotives.  The  real  question  involved,  is  whether  the  in- 
terest on  this  cost  and  maintenance  charges  will  offset  the  cost 
of  repairs  to  track  and  equipment.  There  is  abundant  evidence 
in  our  hands  to  prove  that  it  will  do  so  many  times. 

The  initial  installation  of  the  New  Haven  road  provided  for 
locomotive  propulsion  of  all  trains.  This  provision  has  proved 
wise,  in  view  of  the  schedule  requirements  permitting  this  type 
of  equipment,  and  during  the  past  two  years  close  attention  has 
been  given  to  the  development  of  three  other  classes  of  equip- 
ment, namely:  the  multiple-unit  train,  the  road  freight  engine 
and  the  switching  engine.  In  the  paper  previously  referred 
to,  the  passenger  locomotive  was  discussed. 

In  Figs.  38  and  39  are  shown  the  run  ciu^es  as  obtained  from 
electric  passenger  locomotive  038,  a  locomotive  typical  of  the 
original  41  ordered  for  express  and  local  service  between  Stam- 
ford and  Woodlawn.  Fig.  38  has  for  its  abscissae  reference  the 
time.  In  order,  however,  to  bring  out  the  relation  of  grade 
to  power,  Fig.  39  uses  for  its  abscissae  the  station  location,  with 
grade  co-ordinated  with  it.  In  this  figure  the  effect  of  grade  on 
the  required  input  of  locomotive  is  very  remarkably  brought  out. 

In  express  train  No.  9  it  is  to  be  noted  that  locomotive  038 
is  handling  a  train  weighing  475  tons;  the  maximum  weight 
mentioned  in  specifications  for  purchase  of  these  locomotives 
was  250  tons.  The  trailing  weight  of  this  train  was  377  tons; 
thus  the  weight  carried  is "50  per  cent  in  excess  of  specification. 

In  the  case  of  the  local  passenger  train  No.  213,  it  is  to  be  noted 
that  its  weight  is  316  tons,  giving  a  trailing  load  of  214.  For 
local  service  a  maximum  trailing  load  of  200  tons  was  specified, 
but  it  is  to  be  noted  by  the  areas  plotted  for  kilowatt  input  that 
the  locomotive  is  very  much  underloaded.  The  choice  of  train 
weights  in  these  two  tests  was  at  random,  and  the  tests  con- 
ducted were  upon  trains  in  commercial  service. 

In  the  case  of  the  passenger  runs,  the  stations  between  Stam- 
ford and  Woodlawn  being  spaced  very  much  closer  than  between 
Stamfofd  and  New  Haven,  did  not  permit  as  economical  oper- 
ation as  in  the  case  of  the  latter,  due  to  the  fact  that 
acceleration  is  maintained  nearly  up  to  the  point  of  braking 
in  each  case.  A  greater  station  spacing  would  have  permit- 
ted more  coasting,  and  thus  a  higher  rate  of  economy  in 
watt-hours  per  ton-mile.      The  use,  however,  of  locomotives 
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for  the  local  service  was  a  wise  provision,  because  at  the  time  the 
electric  service  on  the  New  Haven  was  inaugurated  the  single- 
phase  multiple-unit  equipment  had  not  been  sufficiently  de- 
veloped. The  future  will  see  the  gradual  replacement  of  the 
locomotives  by  multiple  unit  cars  for  suburban  service,  and  the 
continued  use  of  the  locomotives  thus  replaced  in  the  express 
service.  Thus,  in  the  event  of  the  extension  of  the  electrifica- 
tion to  New  Haven  there  will  be  a  large  credit  on  the  work,  in 
that  the  present  locomotives  will  be  used  for  express  operation 
between  T^ew  York  and  New  Haven. 

Again,  these  curves  (both  in  express  and  local  service)  bring 
out,  through  the  means  of  electrical  units  of  power,  the  track  re- 
sistances and  engine  power  requirements  as  were  indicated  by  the 
steam  tests  reproduced  in  the  earlier  part  of  the  paper. 

Space  does  not  permit  the  inclusion  of  many  drawings  or 
a  lengthy  discussion  of  these  three  types  of  equipment.  Fig.  40 
gives  an  elevation  drawing  of  our  most  recently  designed  freight 
locomotive,  the  electrical  characteristics  of  which  have  been  re- 
ferred to  in  a  previous  part  of  this  paper.  One  of  the  impressive 
characteristics  of  this  engine  is,  its  ability  to  start  very  heavy 
trailing  loads;  e.g,,  2160  tons.  This,  the  largest  load  we  were 
able  to  assemble,  was  easily  accelerated.  Such  a  torque  bearing 
characteristic  is  of  much  value  under  conditions  of  accelera,tion 
on  grade,  but  these  figures  most  not  be  interpreted  to  mean 
that  a  tractive  effort  of  this  character  can  be  sustained,  except 
for  a  very  short  interval. 

The  locomotive  is  of  the  quill  geared  type,  entirely  spring 
supported  (except  wheels  and  axles),  with  pony  wheels  leading 
and  trailing,  and  four  propulsion  motors  are  provided  with  a 
normal  hoiu-ly  rating  of  396  h.p.  each.  The  speed  torque 
characteristics  of  the  locomotive  are  shown  in- Fig.  17. 

This  type  of  locomotive  is  of  higher  power  and  differs  from  our 
present  passenger  engine  in  the  arrangement  of  its  apparatus, 
it  being  fitted  with  a  central  truck  over  superimposed  motors, 
with  the  control  apparatus  arranged  in  the  middle  of  the  cab  and 
a  full  passage  on  each  side,  giving  excellent  light  for  inspection 
of  the  various  items  of  equipment.  This  is  a  marked  improve- 
ment over  the  previous  type  of  locomotive,  the  apparatus  and 
control  of  which  is  arranged  on  the  sides  of  the  locomotive  with 
a  central  aisle. 

Besides  the  above  described  type  of  electric  road  engine,  there 
is  being  built  for  the  New  Haven  road  two  other  types  of  equiva- 
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lent  hauling  capacity;  one  of  the  side-rod  design  with  two-motor 
equipment,  the  other  having  its  power  divided  between  eight 
motors.  Much  discussion  (pro  and  con)  on  various  types  of 
engines  typified  in  the  above  description  lead  the  New  Haven 
officials  to  a  trial  of  engines  of  these  different  designs:  all  of  them 
being  entirely  effective  for  the  purposes  to  which  they  will  be 
assigned,  and  at  the  same  time  offering  a  practical  investigation 
into  their  individual  merit,  and  thus  permitting  in  the  end  a 
composite  locomotive  which  will  include,  as  far  as  possible, 
all  the  good  principles,  to  the  exclusion  of  the  less  desirable. 

In  connection  with  the  above  described  locomotives,  it  is  to 
be  remembered  also  that  they  have  all  been  designed  inclusive 
of  interchangeable  operation  on  alternating  current  and  direct 
current.  In  every  instance  this  condition  has  increased  weight 
and  complicated  control.  A  striking  example  of  this  is  in  the 
complete  freedom  from  complication  by  the  elimination  of  all 
direct-current  considerations  in  the  Hoosac  Tunnel  electrification. 
One  is  immediately  impressed  with  the  great  simplicity  of  the 
single-phase  Hoosac  Tunnel  locomotive  when  entering  its  cab 
immediately  after  a  departure  from  a  New  York,  New  Haven 
and  Hartford  engine. 

The  cause  of  the  above  complication  has  been  due  to  its  having 
been  deemed  expedient  for  the  handling  of  oiu*  heavier  passenger 
trains  that  these  electric  freight  road  engines  be  equipped  for 
direct-current  operation  from  Grand  Central  Station,  but  for- 
tunately only  a  few  will  be  required;  the  remaining  locomotives 
will  be  equipped  for  the  simple  straight  single-phase  operation 
and  will  haul  freight  trains  between  Harlem  River  and  New 
Haven. 

Fig.  41  gives  an  outline  elevation  drawing  of  our  switching 
locomotive.  This  engine  is  coming  to  us  as  this  paper  goes  to 
press.  To  the  writer,  it  is  the  most  interesting  of  all,  though 
small  and  apparently  insignificant.  Much  of  our  experience  in 
electric  locomotive  practice  has  been  of  real  value  in  the  design 
of  this  engine.  Like  its  larger  brothers,  it  too  is  of  the  quill 
spring-supported  type.  On  account  of  the  buffing  strains  inci- 
dent to  yard  work,  its  framing  and  the  assemblement  of  equip- 
ment is  made  particularly  substantial.  The  fact  that  the 
capacity  of  its  motors  (600  h.p.,  hour  rating)  will  unquestionably 
measure  up,  and  with  considerable  margin,  to  the  duties  to  be 
imposed  upon  it,  is  brought  out  by  the  analysis  of  the  steam 
switching  requirements  shown  in  the  earlier  part  of  this  paper. 
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Already  the  Stamford  yard  (containing  4.2  miles  of  track) 
has  been  electrified,  and  upon  receipt  of  the  locomotive  it  will  be 
exercised  therein  for  commercial  investigation. 

In  connection  with  our  alternating-current  multiple-unit 
train  development,  we  have  had  in  operation  a  multiple-tmit 
equipment  consisting  of  four  motor  cars  and  six  trailers.     Again 


TABLE  7. 

COMPARATIVE  WBIGHTS  OP  ALTBRNATING-CURRBNT  AND  ALTERNATING 

CURRENT-DIRBCT  CURRENT  EQUIPMENTS  POR  NEW  YORK  NEW 

HAVEN  ft  HARTPORD  RAILROAD  COMPANY 


Alternating 

current- 

Alternating 

direct 

current 

current 

Pounds 

Pounds 

31.800 

31.800 

7.000 

7.000 

1.486 

1.485 

3.200 

1.250 

2.700 

400 

400 

586 

585 

480 

IJBOO 

75 

75 

100 

175 

100 

150 

60 

80 

325 

325 

90 

100 

40 

40 

200 

750 

1.500 

800 

800 

450 

450 

1.500 

2.500 

47.250 

55.405 

4  Motors 

1  Transformer 

2  Trolleys  with  details 

4  Third  rail  shoes  with  fuse  boxes... 

1  Switch  group 

3  Switch  groups 

2  Reversers 

1  Line  switch 

1  Set  grids 

Bus  line  receptacles  and  jumpers. . 
Train  line  receptacles  and  jumpers. 

2  Master  controllers 

Limit  switches  and  line  relays 

Battery  and  charging  set 

Pneumatic  and  insulating  details. . . 

Main  switch 

Wattmeter 

Changeover  switch 

Cables 

Blower  outfit 

Tablet  board  and  lighting  details. . 
Erection  details 


the  requirement  of  direct-current  operation  has  superimposed 
upon  this  equipment  the  handicap  of  extra  weight  and  complica- 
tion of  control,  and,  as  in  the  instance  of  the  locomotives,  a 
careftd  investigation  of  the  actual  requirements  necessary  has 
served  to  reduce  greatly  these  two  unwelcome  elements.  Marked 
indeed  in  all  types  of  proptdsion  apparatus,  is  the  relative  sim- 
plicity of  straight  single-phase,,  over  altemating-ciUTent-direct- 
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current  equipment.  Weight  is  bad  enough,  but  complication  is 
worse.  Great  strides  have  been  made  in  the  simplification  of  the 
altemating-current-direct-current  apparatus,  but  even  with  all 
of  this,  it  is  interesting  to  note  the  comparison  between  weights 
and  control  for  the  two  classes  of  equipment.     In  table  7  here- 
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Fig.  42. — Wiring  diagram  electric  locomotives 


with,  it  is  to  be  noted  that  the  straight  single-phase  equip- 
ment is  over  8000  lb.  lighter  than  the  altemating-current- 
direct-ourent  equipment,  and  in  the  diagram  of  connections 
Fig.  42  it  is  to  be  noted  that  the  number  of  tmit  switches 
for    the    altemating-ciurent-direct-current    control    are     100 
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per  cent  greater  than  those  of  the  straight  single-phase.  To 
the  previous  multiple-unit  equipment  mentioned  there  will 
be  added  (now  under  construction)  foiu-  motor  cars  and 
twelve  trailers.  These,  unfortunately,  again  will  have  to  be 
equipped  for  interchangeable  altemating-current-direct-current 
operation.  The  equipments,  however,  to  be  ordered  in  connec- 
tion with  the  Harlem  River  Branch  electrification  and  the  New 
York  Westchester  &  Boston  electrification  will  be  free  from  the 
intricacies  necessary  to  this  dual  service,  these  latter  equipments, 
together  with  the  freight  and  switching  engines,  being  of  the 
straight  single-phase  design. 

General  Catenary  Construction 
In  the  simultaneous  authorization  of  the  electrification  of 
the  six-track  Harlem  River  Branch  for  freight  and  passen- 
ger operation,  the  New  York  Westchester  &  Boston  and  the 
Hoosac  Tunnel,  it  naturally  made  it  imperative  for  the  engi- 
neers of  the  New  Haven  Road  to  prepare  a  very  extensive  set 
of  plans  to  cover  completely  these  three  constructions.  Illustra- 
tive of  the  flexibility  and  adaptability  to  standardization  of  the 
single-phase  system,  while  the  Harlem  River  six- track  work  re- 
quired a  longer  and  stronger  bridge  than  the  four  track  New  York 
Westchester  &  Boston  railroad,  the  general  design  of  both, 
however,  are  the  same;  and  notwithstanding  the  difference  in 
number  of  tracks,  the  wire  plans  for  the  overhead  catenary  sys- 
tem of  the  foiur-track  were  applicable  to  the  six-track,  the  simple 
addition  of  two  tracks  merely  meaning  an  additional  50  per  cent 
increase  of  material  and  an  equal  percentage  of  weights  and 
stresses  for  the  bridges  to  sustain. 

Space  does  not  permit  a  lengthy  discussion  of  the  general 
drawings  and  plans  that  have  been  presented  in  this  paper. 
Owing  to  the  necessary  reduction,  in  reproducing  the  tracings, 
the  figures  on  the  illustrations  and  particularly  those  of  the 
strain  and  deflection  tables,  have  been  reduced  to  sizes  which 
are  difficult  to  read,  without  the  aid  of  a  glass.  However, 
in  including  these  drawings,  my  thought  was  that  they  would 
be  an  epitome  of  the  extensiveness  of  the  work  under  way, 
and  give  some  idea  of  the  methods  involved  in  its  general 
specification. 

It  will  be  of  interest,  no  doubt,  to  state  that  in  all  the  New 
Haven  electrification  drawings,  it  has  been  the  attempt  to  make 
each  one,  while  descriptive  of  the  construction  desired,  at  the 
same  time  a  specification  of  procedure  in  erection. 
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In  the  case  of  the  New  York  Westchester  &  Boston  and  the 
Harlem  River  electrifications  we  were  able  to  assign  to  this 
work  Mr.  P.  J.  Kearny  and  Mr.  L.  S.  Boggs,  respectively,  who 
had  had  previous  catenary  construction  experience  with  the 
New  Haven,  and  who  were  in  touch  with  the  methods  pursued 
in  its  electrification  work. 

In  the  case  of  the  Hoosac  Ttmnel  electrification,  coming  at 
the  same  time  as  the  two  previous  works  referred  to,  and  finding 
ourselves  lacking  the  necessary  engineer  for  this  work,  Mr.  L.  B. 
Stillwell,  of  New  York,  was  offered  and  accepted  the  position  as 
engineer  in  charge  of  this  work,  reporting  to  the  engineering 
department  of  the  New  Haven  road,  of  which  Mr.  E.  H.  Mc- 
Henry  is  vice-president.  As  indicated  in  the  prints  included  in 
this  paper,  covering  the  Hoosac  Tunnel  catenary  construction, 
it  is  to  be  noted  that  these  all  bear  a  similar  appearance  to  those 
relating  to  the  two  other  electrifications  previously  referred  to. 
While  the  electrification  of  the  tunnel  and  its  approaches  is  not 
yet  complete,  it  is  rapidly  nearing  this  stage.  Electric  locomo- 
tive operation  for  instruction  of  engineers  has  already  started 
on  the  North  Adams  approach  of  the  tunnel  in  anticipation  of 
regular  service. 

The  Hoosac  Tunnel  electrification  is  characteristic  for  its 
simplicity.  In  the  case  of  its  power  house,  two  turbo-generators 
each  of  3000  kw.  capacity  were  installed,  with  a  provision  for  a 
third  generator  of  similar  capacity.  The  New  Haven  company 
was  able  to  utilize  the  plans  as  developed  for  its  recently  in- 
stalled Waterbtuy  station,  certain  adjustments  and  additions, 
however,  being  required  to  be  made  to  these  plans  due  to  dif- 
ference of  location  and  size  of  two  of  the  generating  units  and 
switching  arrangements  necessary  to  the  Hoosac  Tunnel  single- 
phase  conditions.  The  locomotives  have  been  referred  to  before ; 
they  are  characteristic  for  their  simplicity,  the  cabs  being  roomy, 
the  control  apparatus  being  centrally  arranged  and  most  ac- 
cessible to  inspection. 

The  power  house  is  located  2.4  miles  from  the  track  catenaries, 
and  Fig.  43  shows  the  general  wiring  diagram  of  the  complete 
system.  Again  space  does  not  permit  an  extensive  description 
of  this  electrification.  Naturally  the  most  interesting  part 
of  it  is  the  ttmnel  itself.  The  introduction  of  11,000  volts  into 
this  tunnel,  with  the  close  overhead  clearance  that  the  double- 
track  arrangement  requires,  afforded  an  interesting  problem  in 
the   location   and   placing   of  insulators   which   would  insure 
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Fig.  43.— Hoosac  Tunnel  general  wiring  diagram 
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Fig.  44. — Hoosac  Tunnel  catenary  bracket 


Digitized  by  VjOOQIC 


19111         MURRAY:  TRUNK  LINE  ELECTRIFICATION  1437 

against  any  breakdowns  between  the  electrified  wires  and 
ground. 

From  the  crown  of  the  tunnel  is  suspended  a  bracket,  as  shown 
in  Fig.  44.  Four  insulators,  each  capable  of  resisting  150,000 
volts  to  ground,  are  installed  on  this  bracket.  Two  of  these 
insulators  apply  to  each  track.  Their  arrangement  of  support 
is  such  as  to  place  them  in  series,  thus  giving  them  a  combined 
dielectric  strength  of  300,000  volts.  The  outside  insulator  holds 
the  track  messenger,  to  which  is  pendent  the  contact  wires 
below.  Some  criticism  might  be  offered  in  using  a  160,000- 
volt  insulator,  where  40,000  might  have  sufficed.  By  the  ex- 
penditure of  $1  more  per  insulator,  there  was  secured  practically 
eight  times  the  insurance  from  breakdown.  The  tunnel  is 
five  miles  long — an  unhandy  place  to  come  to  a  full  stop.  There 
are  1000  insulators;  hence  $1000  has  been  spent  to  secure  eight 
times  the  protection. 

On  the  approaches  to  the  tunnel,  insulators  of  the  design  as 
shown  in  Figs.  45  and  46  are  used.  The  opportunity  here  seemed 
an  excellent  one  to  secure  immimity  from  trouble;  60  cents  extra 
per  insulator  secured  practically  three  times  the  protection  of- 
fered by  an  ordinary  40,000-volt  insulator.  The  outside  insu- 
lators before  erection  are  all  required  to  withstand  a  dry  voltage 
test  of  110,000  volts. 

It  has  been  forcibly  impressed  upon  the  writer  that  it  is  good 
engineering  to  spend  money  on  insulation.  All  of  the  insulators 
purchased  for  the  Hoosac  Tunnel  electrification,  inclusive  of 
the  tunnel  itself  and  its  outside  approaches,  did  not  total  one 
half  of  one  per  cent  of  the  total  expenditure.  Insulation  is  of 
all  things  the  one  most  important  thing  to  be  right,  in  order  to 
secure  continuity  of  service.  It  pays  a  handsome  dividend  every 
year.  It  has  been  said  by  our  electrical  superintendent,  Mr.  H. 
Gilliam,  that  the  emergency  train  service  on  the  New  Haven 
electrified  lines  would  practically  cease  if  line  failures  were  elim- 
inated. This  means  that  mechanically  everything  is  fit.  There 
is  no  reason  why  the  electrical  condition  cannot  be  made  identi- 
cal. 

So  much  with  reference  to  oiu*  plans  of  main  line  electrification, 
in  which  I  believe  there  can  be  recognized  a  general  sense  of 
inherent  standardization,  notwithstanding  they  refer  to  three 
properties  with  a  variety  of  service  and  location. 

In  a  previous  part  of  the  paper  the  electric  switch  engine  has 
been  referred  to.     Figs.  47  and  48  show  two  great  yards  on  the 
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Fig.  45. — B.  &  M.  Main  line  insulator 
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Fig.  46. — Hoosac  Tunnel.     Insulator  for  yard  catenary 
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Harlem  River  branch;  one  of  them  covering  20  miles,  the  other 
42.3  miles  in  tracks  that  are  being  electrified,  and  in  which  the 
electric  switch  engines  will  work. 

On  account  of  the  extremely  small  amount  of  current  required 
per  horse  power  developed,  and  on  accotmt  of  the  excellent  con- 
ductor section  offered  in  the  gridiron  arrangement  of  the  track 
yards,  not  a  pound  of  copper  is  required  throughout  this  ex- 
tensive trackage,  with  the  exception  of  rail  bonds  and  these  are 
reduced  to  the  smaller  size  and  only  one  rail  is  bonded,  with  the 
attendant  residt  of  an  extremely  low  cost,  compared  to  main  line 
construction.  Fig.  49  gives  a  cross  section  at  station  22-h81  ft. 
Harlem  River  yard,  from  which  is  to  be  noted  the  simplicity 
of  cross  catenary  span  for  the  support  of  the  track  contact  wires. 
On  this  drawing  is  seen  the  same  cross  catenary  vnre  split  up 
into  spans  supporting  contact  wires  over  tracks,  some  with 
regular— others  with  irregular  spacing;  the  irregidar  spacing 
being  due  to  the  leading  in  of  tracks  to  a  common  ladder.  By  a 
simple  system  of  bridles,  which  on  the  plans  are  to  be  noted 
require  only  one  rigid  post  to  hold  many  tracks,  the  overhead 
contact  wires  are  held  in  proper  alignment  over  the  tracks  they 
serve.  The  cost  of  yard  electrification,  as  before  stated,  can 
vary  from  $1,500  to  $3,000  per  mile  of  track,  depending  upon  the 
average  number  of  tracks  spanned. 

Electrification  Costs 
The  question  of  cost,  both  with  reference  to  capital  invest- 
ment and  operating  in  connection  with  electrified  lines,  is 
naturally  the  greatest  factor  of  consideration  on  the  part  of 
railroad  companies  contemplating  the  application  of  electricity 
to  their  lines.  In  this  department  I  am  quite  in  agreement  with 
the  previously  scorned  adage — "  Every  situation  is  a  study  in 
itself  " ;  for  while  in  my  opinion  no  trunk  line  electrification  can  be 
better  served  than  by  the  use  of  single-phase  current,  it  must  be 
conceded  that  electrification  costs  must  vary  with  the  greatly  fluc- 
tuating conditions  of  volume  and  density  of  traffic  involved. 
Again,  while  it  would  be  perfectly  possible  to  state  the  actual  cost 
involved  in  handling  a  train  mile  by  electricity  vs,  a  train  mile 
by  steam,  this  information  as  appljdng  to  the  New  Haven  road 
might  be  extremely  misleading  when  considered  for  other  applica- 
tion. It  is  not  to  present  any  information  not  generally  known,  to 
say  that  power  houses  can  be  constructed,  depending  upon  the 
capacity,  from  $90  to  $110  a  kilowatt;  line  construction  for 
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one,  two,  four  and  six  tracks  can  be  erected  at  costs  varying 
respectively  from  $4,000  to  $7,000;  from  $8,000  to  $15,000; 
from  $25,000  to  $40,000;  $40,000  to  $60,000  a  mile;  the  fluctua- 
tion in  cost  for  these  respective  constructions  depending  entirely 
upon  the  standards  elected,  which  are  inclusive  of  the  con- 
sideration of  importance  of  track,  in  turn  bringing  into  con- 
sideration the  advisability  of  wood  and  steel  post  construction, 
cross  catenary  and  bridge  span  construction,  single  or  compotind 
catenaries,  etc.,  also  the  cost  of  overhead  yard  construction  can 
vary  from  $1,500  to  $3,000  a  mile,  depending  upon  number  of 
tracks  spanned  and  type  of  construction  selected. 

Locomotives  of  the  passenger  road  and  switching  type,  de- 
pending upon  the  nature  of  their  service,  can  vary  in  cost  from 
$25,000  to  $45,000  a  imit.  Thus  it  is  seen  that  it  would  be  im- 
possible, from  the  capital  point  of  view,  to  give  a  useable  esti- 
mate of  electrification  cost.  Again  the  necessity  of  property 
acquisitions,  which  in  one  case  may  be  nothing  and  in  another 
a  very  large  sum,  all  varying  in  accordance  with  the  environ- 
ment of  the  electrification  in  question,  make  such  studies  in- 
dividual to  the  specific  cases  under  consideration. 

In  general,  from  an  electrical  operating  standpoint,  it  may 
be  stated  that  for  trunk  line  properties,  where  a  very  consider- 
able density  of  traffic  is  involved,  there  will  be  shown  a  con- 
siderable debit  in  the  department  of  "  maintenance  of  way  and 
structures,"  while  in  the  departments  of  '*  maintenance  of 
equipment  and  transportation  expenses'*  a  large  credit,  if  the 
proper  system  is  selected,  may  accrue.  The  balance  between 
the  debit  and  credit  columns  furnishes  the  ground  upon  which 
it  may  be  said  it  is  either  a  good  or  bad  investment  for  the 
railroad  company  to  electrify;  and  yet  even  though  the  direct 
returns  prove  unsatisfactory,  it  does  not  follow  that  the  invest- 
ment is  a  bad  one  if  considered  from  a  broader  standpoint  of 
general  policy. 

A  most  careful  analysis  of  the  relation  between  steam  and 
electricity  was  made  in  connection  with  the  lines  of  the  New 
Haven  road  west  of  New  Haven.  I  have  no  authority,  in 
presenting  such  a  paper  as  this,  to  state  whether  the  policy  of 
the  railroad  company  in  electrifying  over  300  miles  of  its  trunk 
line  rails,  terminals  and  yards  was  for  financial  gain  to  itself 
or  better  service  to  its  patrons;  but  at  least  it  is  reasonable  to 
assume  that  with  an  application  of  electricity  to  cover  complete 
passenger  and  freight  train  propulsion  and  yard  switching  over 
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the  mileage  above  named,  expending  millions  of  dollars  to  effect 
such  a  service,  its  Directors  could  not  have  ratified  the  extension 
of  the  adopted  system  and  its  application  over  such  a  wide 
territory  in  all  classes  of  service,  unless  the  successful  and  un- 
competitive characteristics  of  the  system  were  not  immediately 
apparent. 

Not  until  the  electrical  sysjtem  of  the  New  Haven  road  is  a  unit 
in  itself,  rather  than  a  mixed  service  of  steam  and  electricity, 
can  its  true  economies  of  electrical  traction  be  discussed.  Suffice 
it  to  say  that  the  two  great  departments  of  economy  lie  in  the 
saving  of  fuel  and  repairs  to  rolling  equipment. 

I  regret  that  my  contribution  in  this  paper  to  the  many  times 
repeated  question  as  to  the  cost  of  electrification  cannot  bring  a 
definite  reply  to  each  request.  The  electrification  of  railroads 
will  not  await  the  reply  of  an  impossible  inquiry.  The  practical 
answer,  and  substitute  for  this  inquiry,  is:  As  electrification  of 
trunk  lines  is  now  practically  at  hand,  what  is  the  correct  system 
for  all?  Our  experience  with  the  single-phase  system  as  applied 
to  the  New  Haven  Road  to  over  300  miles  of  its  track,  with  the 
necessar}'  extension  to  follow  to  New  Haven,  adding  150  more — 
making  a  total  system,  with  yards,  of  nearly  500  miles,  may  offer 
a  strong  suggestion  in  this  direction. 

Recommendations.  As  in  the  early  days  when  alternating- 
current  application  forced  its  way  into  the  acceptance  by  its 
very  opposers,  so  has  the  force  of  its  application  to  the  trunk 
line  railroad  problem  impressed  the  writer  that  he  has  not  felt 
it  necessary  to  make  any  plea  for  its  acceptance.  When  rail- 
roads consider  trunk  line  electrification,  all  important  will  be 
the  matter  of  freight  movement  and  with  it  the  cost  and  con- 
venience of  operation  of  their  yards.  The  ratio  of  the  mileage 
of  yards  in  the  division  run  between  Harlem  River  and  New 
Haven  to  the  main  line  tracks,  is  over  55  per  cent;  and  while 
the  New  Haven  road  may  be  considered  to  have  a  high  ratio  of 
yard  mileage  to  main  line  mileage,  this  condition  is  ever  true 
throughout  the  railroads  of  the  Atlantic  Coast  territory*.  In 
fact,  such  a  condition  is  naturally  true  of  any  territory  including 
cities  and  towns  of  close  proximity  to  each  other.  In  writing 
this  paper,  it  has  been  my  effort  to  avoid  a  discrimination  between 
systems.  I  wish,  however,  to  state  very  plainly  that  I  am  not  at 
all  in  sympathy  with  the  attitude  on  the  part  of  some  who  claim 
some  recognition  in  the  field  of  railroad  engineering,  when  they 
suggest  the  advisability  of  not  advocating  any  particular  system 
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of  electrification.  To  discuss  electricity  vs.  steam  without  a 
recommendation  of  system  in  the  specific  cases  of  tnmk  line 
work,  in  my  judgment,  is  to  launch  a  ship  upon  a  rough  and 
windy  sea  without  a  rudder.  I  plead  guilty  to  a  considerable 
effort  in  trying  to  lay  before  the  Institute  the  facts  presented 
in  this  paper.  I  have  endeavored  to  deal  with  nouns  and  not 
adjectives.  An  extremely  important  matter  would  be  omitted 
if  I  did  not  say  that  my  experience  with  the  single-phase  system 
vs,  other  competitive  systems,  affords  me  the  sincere  conviction 
that,  under  practically  all  conditions  of  trunk  line  consideration 
where  the  traffic  is  of  the^ame  amount  and  character,  or  indeed 
much  less  than  that  which  is  comprehended  in  the  mileage  that 
this  paper  covers,  its  first  cost  is  at  the  greatest  not  more  than 
85  per  cent  of  its  next  best  competitor,  and  its  operating  costs 
less  than  the  above  percentage. 

The  above  statements  should  not  be  taken  to  mean  that  all 
trunk  line  railroads,  considering  electrification,  can  electrify 
and  save  money;  indeed  its  general  application  is  prohibitive. 
There  are,  however,  roads  that  must  and  will  electrify.  To  such 
railroads  it  is  my  hope  that  the  information  compiled  will  be  of 
value. 

It  has  been  suggested  by  some  not  altogether  friendly  even 
now  to  the  single-phase  system,  that  if  this  paper  be  made  in- 
clusive of  specific  recommendations  as  to  system  to  be  applied 
for  trunk  line  properties,  inclusive  of  suburban  and  terminal 
territory,  that  it  might  confuse  the  mind  of  the  railroad  man, 
due  to  diversity  of  opinion  among  electrical  engineers  on  this 
subject.  I  wish  to  say,  with  reference  to  this  matter,  that  my 
opinion  of  and  respect  for  the  railroad  man,  bom  of  the  past  six 
years  of  intimate  association  with  him,  be  he  an  executive  of 
finance,  trs^nsportation,  operation  or  engineering,  is  that  he  is 
not  of  the  caliber  to  be  confused  by  a  discussion  of  this  subject. 
I  have  invariably  found  rudders  on  their  ships;  why  not  one 
to  om^?  And  let  me  assure  those  who  are  contrary  to  this 
opinion  that  raih'oad  men  can  intelligently  analyze  any  ar- 
gument that  is  to  be  advanced — pro  or  con — on  this  highly 
necessary  and  near  decision.  The  paper,  however,  is  not  pre- 
sented to  precipitate  an  argument ;  nor  is  it  an  argument  for  the 
single-phase  system.  Statistical  records  of  the  first  cost  and 
operating  expense  make  such  a  course  unnecessary.  It  has  been 
written  with  the  purpose  of  placing  in  the  hands  of  those  in- 
terested in  the  electrification  of  railroads  the  facts  concerning 
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the  application  of  single-phase  current  to  nearly  500  miles  of 
trunk  line  property  and  to  make  a  specific  recommendation  that 
for  the  sake  of  simplicity  and  economy  it  be  the  adopted  system 
for  other  trunk  line  properties  which  the  future  will  see  elec- 
trified. 

I  wish  to  here  acknowledge  the  able  services  of  Mr.  Paul 
Real,  my  principal  assistant,  in  connection  with  the  preparation 
of  this  paper. 

Appendix 

The  following  illustrations  (Figs.  50  to  76)  include  the  de- 
tailed drawings  pertaining  to  the  overhead  catenary  construc- 
tion for: 

1.  New  York,  New  Haven  &  Hartford  Harlem  River  Branch. 

2.  New  York  Westchester  &  Boston  Railroad. 

3.  Hoosac  Tunnel  Electrification. 
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Fig.  50. — P.  W.  &  B.  branch  three-track  bridges 
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Fig.  66  — Hoosac  Tunnel  yard  construction 
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Fig.  67. — Hoosac  Tunnel  stress  sheets  for  tunnel  track  catenary  and  trolley  wires 


Digitized  by  VjOOQIC 


1448  MURRAY:  TRUNK  LINE  ELECTRIFICATION  IJunc28 


Fig.  68.  — Hoosac  Tunnel  method  of  connection  to  contact  lines 


Digitized  by  VjOOQIC 


1911]         MURRAY:  TRUNK  LINE  ELECTRIFICATION         1449 


mttt™ 

:|::::::i 

k1 

•         ■ ^^- 

S   , t---h- 

^    ;::S::::|: 

■wm 

llffi™ 

1      .._:::l3J 

itliBillHmli 

.  ..^_^^,. 

i;-; 


d= 


-rp 


I  n  I .'  1 


III'     I 


MMi 


III 


Fig.  69, — Hoosac  Tunnel  bill  of  catenary  material 
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Fig.  70.  — Iloosac  Tunnel  deflection  sheet  for  different  loads  and  temperatures 
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Pig.  71. — Hoosac  Tunnel  track  catenary  stress  sheet 
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Fig.  72. — Hoosac  Tunnel  cross  sections  in  tangent 
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Pig.  73. — Hoosac  Tunnel  locomotive  repair  shop 
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Pig.  74. — Hoosac  Tunnel  locomotive  repair  shops 
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Fig.  75. — Insulator  for  feeder  strand,  Hoosac  Tunnel 
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Fig.  76. — Hoosac  Tunnel  double  hanger 
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Discussion  on  '*  Induction  Machines  for  Heavy  Single- 
Phase  Motor  Service,"  "  Electrical  Operation  of 
THE  West  Jersey  &  Seashore  Railroad,"  "  Analysis 
OF  Electrification."    Chicago,  III.,  June  28,  1911. 

Frank  J.  Sprague :  I  have  a  somewhat  proprietary  and  profes- 
sional interest  in  Chicago.  It  is  true,  as  the  President  has  said, 
that  my  inaugtiral  address  in  1892  was  on  the  coming  develop- 
ments in  electric  railways.  That  was  some  nineteen  years  ago. 
It  was  the  same  year  when  Charles  J.  Van  Depoele,  that  in- 
genious, persistent  and  hard  working  pioneer  in  the  electric 
railway  field,  gave  up  his  earthly  activities,  and  left  his  name, 
his  influence  and  the  record  of  his  early  work,  but  also  a  con- 
tinuing loss  to  a  new  development  and  to  a  great  industry. 

This  morning  I  glanced  over  the  address  which.  I  made  at  that 
time,  and  were  I  to  write  a  paper  at  the  present  moment  upon 
this  particular  subject  I  would  in  few  particulars  change  the 
conclusions  at  which  I  then  arrived.  Those  were  early  days  in 
electric  railroading,  and  possibly  I  may  be  permitted  at  this  date 
to  quote  one  or  two  of  my  remarks  illustrating  my  then  prophecy, 
if  you  please  to  call  it  so,  and  my  general  attitude.  That  was 
only  three  or  four  years  after  the  beginning  of  the  commercial 
development  of  the  trolley  system,  when,  on  account  of  the 
active  development  of  that  field  and  the  ambitious  hopes  of 
electrical  engineers  and  manufacturers,  the  electric  railways  of 
this  country,  city,  urban,  subiurban,  interurban  and  trunk 
lines,  were  in  a  few  years  to  be  converted  to  electric  lines,  and  the 
knell  of  the  steam  locomotive  soimded.  It  seemed  to  me  at 
that  time  necessary  to  indicate  the  possible  order  of  develop- 
ment of  electric  railways,  and  to  utter  a  word  of  warning  against 
undue  optimism.  Speaking  of  trunk  line  operation,  I  said: 
**  Turning  now  to  the  greater  powers,  we  must  not  confuse  the 
terms  "  large  powered  "  and  "  trunk  line  "  work.  They  are  two 
statements  which  I  think  will  need  no  corroboration.  If  we  had 
a  continuous  train  movement  completely  occupying  a  track  sys- 
tem, there  can  be  no  question  but  that  its  operation  from  a 
central  source  by  electricity  would  be  more  economical  than  if 
operated  by  steam  locomotives.  So,  too,  if  a  large  number  of 
units  in  reasonable  proximity  are  moved,  and  the  starting  and 
stopping  so  regulated  that  the  total  demand  on  the  centraJ  sta- 
tions is  fairly  continuous  and  equal,  then  there  is  no  question  as 
to  economy  of  electric  propulsion  as  compared  to  steam.  On  the 
other  hand,  the  operation  of  a  single  unit  or  very  few  units  over  a 
long  distance  would  be  so  uneconomical  and  afford  so  small  a 
return  on  the  investment  required  as  to  make  it  prohibitory. 
Between  these  two  lies  the  condition  of  operation  where  steam 
and  electricity  meet  on  planes  of  equality ;  as  the  number  of  trains 
decreases  steam  operation  is  more  economical,  as  the  number 
increases  electricity  must  be  preferred." 

I  further  said:  "  It  seems  to  me  the  growth  of  electric  railways 
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will  proceed  something  in  this  order: — First,  the  street  systems  in 
the  various  towns,  then  connecting  lines  between  adjacent  towns, 
following  the  line  of  highways,  then  along  connecting  lines, 
either  on  the  track  of  existing  steam  lines,  or  growing  bolder,  on 
exclusive  rights  of  way.  Then  will  come  suburban  traflSc 
on  a  large  scale,  and  freight  transfer  systems,  and  finally  the 
more  ambitious  project  of  trunk  line  service  under  limiting 
conditions  such  as  I  will  specify.  It  has  been  very  properly 
said  that  a  man  will  make  his  first  long  ride  on  electric  railways 
by  transferring  from  one  town  system  to,  another,  through  con- 
necting links,  rather  than  on  individual  roads." 

As  it  was  my  privilege  at  that  early  date  to  here  record  convic- 
tions which  time  has  confirmed,  there  is  another  reason  why  I 
should  have  a  kindly  feeling  for  Chicago.  Ten  years  after  the 
inauguration  of  the  pioneer  Richmond  trolley  road  a  combina- 
tion of  circumstances  led  me  to  develop  the  multiple  imit  train 
control  system,  and  I  sought,  at  my  own  expense,  to  make  a 
demonstration  of  that  system  on  the  then  steam  operated  Man- 
hattan Elevated  railroad  lines  in  New  York,  because  the  system 
promised  radical  advantages  in  economy  of  operation  and  in- 
crease in  capacity.  Despite  many  attempts,  I  was  not  able  to 
make  it  there,  and  it  was  not  imtil  the  South  Side  Elevated  Rail- 
road in  this  City,  having  passed  through  the  hands  of  a  receiver, 
found  it  necessary  to  change  its  motive  power  to  electricity,  that 
I  found  an  opportunity  to  demonstrate  the  value  of  my  in- 
vention of  midtiple  unit  control.  It  was  due  to  Chicago  engi- 
neers, Messrs.  Sargeant  and  Lundy,  who  gave  me  their  personal 
confidence,  and  to  the  courage  of  the  capitalists  back  of  the 
railroad,  that  in  Chicago  was  made  the  first  beginning  of  that 
which  has  become  now  so  vital  and  essential  to  all  electric  rail- 
way operation  on  a  large  scale. 

Now,  Mr.  President,  I  presume  Mr.  Wood's  paper  has  been 
presented  in  its  order? 

The  President:    Yes,  all  three  papers  have  been  presented. 

Frank  J,  Sprague:  I  do  not  feel  confident  to  discuss  Mr. 
Alexanderson's  paper.  He  has  made  an  interesting  suggestion 
for  the  use  of  alternating  current  with  a  split-phase  device,  by 
means  of  which,  with  a  single  phase  supply,  he  can  make  use  of 
the  polyphase  motor.  As  experimental  developments  are  in  a 
very  active  state  of  progress,  I  think  it  is  useless  to  prophecy 
what  the  possible  results  will  be,  but  rather  to  wait  and  see  what 
the  outcome  is. 

In  considering  present  problems,  let  us  note  for  a  moment 
what  the  conditions  were  at  the  time  I  made  my  inaugiu^  ad- 
dress. All  work  was  then  practically  being  done  with  direct 
current,  with  limiting  potentials  of  from  400  to  600  volts.  The 
direct  current  motor  was  being  rapidly  developed,  but  single 
phase  and  polyphase  motors  were  almost  unknown.  The  static 
transformer  was  just  coming  into  use,  and  the  motor  generator 
had  been  introduced  but  was  not  meeting  with  any  widespread 
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applications.  The  rotary  converter  had  been  invented  but  was 
almost  an  unknown  piece  of  apparatus. 

The  limitations,  however,  of  direct  current  at  the  pressures 
then  common  had  become  manifest.  I  had  already,  some  three 
years  earlier,  advocated  much  higher  direct  current  potentials, 
which  have  been  since  materialized;  and  in  the  early  days  of 
electric  lighting,  when  one  of  the  local  manufacturing  interests 
was  embarking  in  the  developing  of  alternating  current  ap- 
paratus, I  believe  I  was  the  first  independent  engineer  to  recom- 
mend to  another  corporation  the  necessity  of  alternating  cturent 
transmission  to  supplement  its  direct  current  operations. 

It  has  been  stated  that  history  is  repeating  itself,  and  that 
electric  railway  equipment  will,  therefore,  follow  a  certain 
definite  alternating  current  development.  Quite  probably  his- 
tory will  in  many  ways  repeat  itself,  but  if  so  it  will  be  along 
lines  which  are  not  exclusive,  for  that  is  not  its  usual  habit. 

Somewhat  necessarily,  it  seems  to  me,  there  has  arisen  a 
difference  between  electrical  engineers  as  to  railway  systems 
which  has  given  rise  almost  to  the  establishment  of  certain 
cults,  and  the  zeal  of  the  advocates  of  each  partakes  something 
of  religious  fervor.  Now  the  problem  we  have  to  face  is  very 
much  like  many  others  in  the  use  of  electric  power.  It  is  to 
generate  and  transmit  energy  with  the  maximum  of  reliability, 
convenience  and  economy,  and  then  to  use  it  in  motors  variously 
applied;  the  one  thing  which  differentiates  the  railway  problem 
from  all  others  is  that  the  motors  are  on  moving  vehicles,  and 
hence  the  grouping  is  variable,  both  in  amoimts  and  distances 
from  the  source  of  supply,  while  the  total  power  is  oftentimes 
small  compared  with  the  distance  over  which  it  is  distributed. 

Were  any  particular  feature  of  the  problem  to  be  discussed 
there  would  probably  be  little  difference  among  engineers  as  to 
the  best  solution.  For  example,  all  would  agree  that  the  central 
power  plant  should  be  situated  where  the  cost  of  construction 
and  the  supply  of  fuel  and  water,  labor  and  incidentals  would 
insure  the  maximum  of  reliability  and  economy;  that  such  a 
plant  should  be  equipped  with  tiurbines  direct  coupled  to  three 
phase  generators,  wound  for  a  comparatively  moderate  potential, 
and  operated  on  closed  circuits.  Transmission  would  likewise 
be  by  polyphase  currents  at  potentials  determined  by  local 
conditions,  to  which  end,  and  for  the  providing  of  the  proper 
potential  at  the  railroad,  static  transformers  would  be  the 
necessary  adjunct  at  both  ends  of  the  transmission  line. 

They  would  also  probably  agree  that  provision  must  be  made 
for  supplying  the  railroad  in  such  a  manner  that  it  could  be  sec- 
tionalized,  lx)th  as  to  divisions  and  tracks,  so  that  the  entire 
system  would  not  be  disorganized  and  thrown  out  of  operation 
because  of  accident  to  any  part. 

They  would  agree  also  that  there  is  a  variety  of  service  to  pro- 
vide for — freight,  through  passenger  and  local  and  suburban 
services;  and  that  some  trains  should  be  pulled  by  single  locomo- 
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tives,  others  by  double  headers,  yet  others  by  locomotives  both 
at  the  head  and  in  the  body  of  the  train,  and  still  others  operated 
by  motor  cars  grouped  into  trains  on  the  multiple  unit  system. 

Again,  they  would  agree  that  current  must  be  supplied  to  the 
trains  along  the  right  of  way  by  working  conductors  in  the  form 
of  an  overhead  trolley,  variously  erected  and  supported,  avail- 
able for  single  or  polyphase  currents  at  all  practical  potentials 
and  for  direct  current  at  much  higher  potentials  than  have  been 
common,  or  in  the  form  of  a  third  rail,  protected  or  otherwise, 
available  only  for  direct  current. 

Coming  now  to  motors,  it  would  also  generally  be  agreed  that 
the  polyphase  motor  has  the  highest  weight-efficiency,  and  that 
the  direct  current  stands  next  in  order,  while  the  single  phase 
has  less  output  per  imit  of  weight  than  either  of  its  rivals;  that 
the  polyphase  motor  requires  besides  the  track  two  conductors, 
and  has  the  limitation  of  constant  speed,  while  the  other  two 
types  of  motors,  require  but  one  conductor  beside  the  track,  and 
have  variable  speed  characteristics.  Both  of  the  alternating 
current  motors  ordinarily  would  require  static  transformers  on 
the  locomotives,  while  for  direct  current  operation  rotary  trans- 
formers or  motor-generators  must  be  used  at  the  substations. 

Also,  in  the  United  States,  there  are  three  alternating  current 
frequencies  in  extended  use,  namely,  twenty-five,  forty  and  sixty 
cycles,  and  where  a  single-phase  motor  is  used  frequencies  from 
25  down  to  15  only  are  practically  usable,  the  latter  being  more 
favorable. 

Taking  all  these  various  factors  into  account,  the  problem 
must  necessarily  be  a  compromise  in  settlement;  but  despite  this 
fact,  and  the  further  fact  that  the  supply  of  power  for  railway 
operation  is  but  a  fraction  of  that  used  for  all  purposes,  many 
would  differentiate  the  railway  supply  from  all  others  and  set 
up  a  standard  for  universal  acceptance. 

It  is  unfortunate  that  in  so  doing  there  is  a  disposition  in 
many  quarters  to  base  comparisons  upon  arbitrary  limits  of 
development  on  the  one  hand,  and  unquestioning  acceptance  of 
results  accomplished  or  promised  on  the  other,  despite  the  fact 
that  engineers,  the  world  over,  when  brought  face  to  face  with 
specific  problems  oftentimes  arrive  at  different  conclusions. 
It  seems  to  me  that  this  is  a  wrong  attitude,  and  that  the  duty 
of  the  electrical  engineer  is  to  encourage  the  fullest  development 
by  every  known  system,  so  that  he  may,  with  open  mind  and  in 
the  full  light  of  actual  experience,  decide  for  the  best  whenever 
he  has  to  consider  any  specific  problem,  even  if  when  some  other 
is  presented  his  decision  may  be  different. 

In  short,  while  there  are  many  things  that  can  be  or  are  stand- 
ardized there  are  some  things  which  in  my  judgment  can  not 
now,  and  perhaps  never  will  be  made  universally  exclusive. 

As  Chairman  of  the  Railway  Committee,  therefore,  it  has 
seemed  to  me  that  we  should  have  arrived  by  this  time  to  a 
discussion  of  Steam  vs.  Electric  operation,  based  upon  known 
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operating  facts  and  known  construction  costs,  whatever  the 
system  used;  and  I  repeat  the  time  is  inopportune  and  the 
occasion  unwise  that  brings  up  at  present  any  discussion  which 
attempts  a  present  settlement  of  the  question  of  this  or  that 
predominant  system.  To  this  end,  I  have  continually  urged  the 
getting  from  existing  corporations  actual  facts,  not  promises  or 
predictions,  but  facts  concerning  operation  in  that  same  detail 
that  we  have  for  the  operation  of  urban  or  interurban  railways. 

We  have  been  passing  through  an  experimental  stage  of 
exceeding  importance  and  far  reaching  consequence.  The 
single-phase  development  promised  much,  it  has  disappointed 
much;  it  has  been  watched  with  a  great  deal  of  interest  with  a 
desire  to  know  the  results.  It  received  its  first  impulse  in  this 
country  on  the  interurban  railways,  and  the  history  of  that 
development  has  been  interesting.  All  installations  here  have 
been  put  in  through  the  instrumentality  of  two  companies.  I 
am  not  entirely  certain  of  my  statistics,  but  of  the  six  or 
eight  single-phase  equipments  put  in  with  the  apparatus  of  one 
of  these  companies,  one  only  is  now  in  operation.  Some  of  these 
roads  have  gone  into  the  hands  of  receivers,  as  it  is  true  other 
roads  under  other  systems  have  gone,  and  direct  current  has 
taken  the  place  of  alternating  current  operation.  Notably,  there 
is  the  case  of  the  Baltimore,  Washington  and  Annapolis  road, 
probably'  one  of  the  largest  and  most  influential  examples  of 
interurban  operation  which  we  have  in  this  country,  and  one  of 
the  most  suggestive. 

Now  we  have  in  operation  a  number  of  roads  on  a  sufficient 
scale  to  get  operative  facts,  let  them  be  what  they  are.  We 
have  in  New  York  three  great  terminal  equipments.  There  is 
the  New  York  Central  and  Harlem,  operating  at  660  volts  on 
direct  current  supplied  from  an  imder-contact  rail,  and  the 
New  York,  New  Haven  and  Hartford,  operating  from  Woodlawn 
to  42nd  St.  on  direct  current,  and  from  Woodlawn  north  and 
east  to  Stamford  by  the  single-phase,  with  an  overhead  trolley. 
Both  of  these  have  a  considerable  mileage  of  tracks.  There  is 
also  the  terminal  operation  of  the  Pennsylvania  Railroad  into 
New  York  City,  which  is  on  the  direct  current  system,  and  the 
extensive  Long  Island  Railroad  development,  which  may  be 
considered  essentially  a  suburban  system,  also  aggregating  a 
very  considerable  mileage.  Then  there  is  the  West  Jersey  and 
Seashore  Railroad,  running  from  Camden  to  Atlantic  City,  a 
distance  of  about  eighty  miles,  with  a  trackage  of  one  hundred 
and  fifty  miles,  converted  a  few  years  ago  from  a  steam  line 
into  a  direct-current  system. 

Whether  from  fear  of  the  Interstate  Commerce  Commission, 
or  the  demands  of  commuters,  or  because  of  certain  unsettled 
conditions,  or  because  possibly  the  circumstances  are  such  that 
they  do  not  care  to  have  it  impressed  upon  them  that  electrifica- 
tion might  take  place  elsewhere  under  other  conditions — ^railway 
officials  h^ve  manifested  a  great  reluctance  to  give  the  actual 
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facts  as  to  costs  of  operation,  not  predictions  of  what  may  be 
sometime,  but  what,  imder  the  existing  exigencies  of  the  service 
are  the  actual  facts  at  the  present  time. 

Of  course,  this  operation  is  dependent  on  a  number  of  factors, 
and  the  first  is  the  cost  of  creating  power,  of  wbich  we  have 
heard  so  much — ^in  short,  the  operation  of  the  power  station. 
This  is  a  factor  which  has  become  pretty  well  known  in  its 
characteristics,  its  cost,  reliability  and  what  not,  on  all  ordinary 
electrical  work,  but  which  for  some  reason  or  other,  has  been  kept 
with  extraordinary  secrecy  from  the  ordinary  knowledge  of 
interested  engineers  where  it  applies  to  these  larger  trunk  line 
installations.  I  do  not  intend  to  unduly  criticise  that  attitude, 
although  I  think  it  is  a  mistaken  one. 

During  the  past  year,  therefore,  I  have  bent  my  energies  to 
find  out  if  it  were  not  possible  by  some  means,  through  some 
channel,  to  bring  out  the  facts,  so  far  as  they  can  be  brought  out, 
for  comparison;  because,  after  all,  it  is  facts  we  want,  not  theory. 
Comparison  of  power  house  operation  has  for  sometime,  it  is 
true,  been  privately  made  in  great  detail,  and  for  mutual  ad- 
vantage, at  the  Port  Morris,  the  Long  Island  and  the  Westville 
power  houses.  Later  there  has  been  added  the  Jersey  City  and 
Marion  plants.  Up  to  December,  .1910,  those  were  the  only 
ones  of  these  large  railway  power  houses  (I  should  have  included 
the  Interborough  of  Manhattan)  which  were  making  direct 
comparisons.  I  believe  that  in  February  last  the  New  Haven 
consented  to  cooperate  in  making  these  private  comparisons. 
But,  really,  why  should  not  all,  and  freely,  make  public  the  facts? 

Mr.  Wood's  paper  was  originally  compiled  for  the  purposes 
of  presenting  to  the  general  manager  of  his  division  the  facts 
contained  therein.  The  Railway  Committee  of  the  Institute 
asked  Mr.  Wood  if  he  would  not  request,  as  a  coiutesy  and 
privilege,  his  general  manager  to  allow  the  actual  facts  of  the 
cost  of  operation  of  that  railroad,  as  contained  in  the  paper,  to 
be  presented  at  this  meeting.  Mr.  Wood  was  fortunate  enough 
to  get  the  consent  of  his  superior  official  to  that  publication.  It 
has,  I  believe,  set  an  example  which  other  railroads  must  follow 
in  time.  Mr.  Wood's  action  not  only  is  highly  creditable  to  his 
capacity  and  his  persuasive  powers,  but  the  presentation  of  facts 
which  he  has  made  will  prove  in  the  end  one  of  the  most  im- 
portant, because  of  its  initiation  in  getting  at  results,  which  has 
ever  been  laid  before  this  Institute.  I  think  that  the  thanks 
of  the  Railway  Committee  and  the  members  in  general  are  due  to 
Mr.  Wood  for  having  been  able  to  present  these  facts  as  he  has, 
and  to  have  done  it  with  such  perfect  frankness. 

I  will  not  hold  our  electrical  engineers  entirely  responsible 
for  the  lack  of  information.  They  are,  after  all,  the  servants  of 
the  railway  officials,  and  railway  officials,  sometimes  I  think 
mistakenly,  sometimes  rightly,  think  perhaps  the  time  is  not 
ripe,  the  extent  of  operation  not  sufficient  to  justify  them  in 
making  public  the  actual  facts  of  the  operation.     But  it  seems  to 
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me,  after  all,  we  as  engineers  can  differentiate  the  various  factors 
that  go  to  make  up  these  reports;  and  when  a  railway  official  gets 
that  opinion  into  his  head  then  we  may  be  trusted  with  some 
degree  of  confidence  in  dealing  with  the  facts  when  laid  before  us. 

Mr.  Wood's  paper  has  some  features  to  which  I  wish  to  call 
partictdar  attention.  The  time  of  installation  occupied  only 
seven  months,  a  most  creditable  performance.  The  power-house 
report  for  1910  makes  the  cost  per  kw-hr.  .542  cents,  a  creditable 
result  under  the  circumstances.  In  passing,  it  is  of  interest  to 
note  that  at  the  Jersey  City  and  Marion  power  stations,  al- 
though there  is  a  difference  in  year  1910  of  nearly  one  hundred 
per  cent  in  the  basic  cost  of  coal,  there  is  a  difference  of  only 
eight  per  cent  in  the  cost  per  kw-hr.,  and  the  actual  cost  is  less 
with  the  station  which  used  the  higher  priced  coal,  but  not  for 
that  reason.  The  transmission  efficiencies  from  power  house 
bus-bar  to  substation  bus-bar  on  the  Westville  line  increased  from 
72  per  cent  in  1907  to  nearly  82  per  cent  in  1910.  That  makes  the 
power  cost  at  present  0.542  cents  per  kw-hr.  at  the  central  station 
and  0.646  cents  at  the  substation;  and  the  cost  of  operating  the 
substations  based  on  this  output  is  0.108  cents  per  kw-hr. 

The  total  cost  of  operation  per  car  mile  in  1910  averaged 
something  over  18  cents,  varying  from  a  little  over  12  cents 
to  nearly  25  cents  per  car  mile,  a  variation  which  is  affected 
by  frequency  of  service,  density  of  movement,  and  the  use 
of  current  for  lighting,  heating  and  various  other  purposes. 
While  there  was  this  variation  of  nearly  13  cents  in  cost  per  car 
mile,  the  cost  of  power  delivered  varied  less  than  3  cents. 
Out  of  the  18  or  19  cents  average  total  cost  per  car  mile  of  opera- 
tion, of  which  only  3J  cents  represented  the  cost  of  power,  the 
cost  of  the  sub-station  attendance,  maintenance  and  upkeep 
was  three  per  cent  of  the  total.  The  upkeep  of  the  high  tension 
transmission  line  was  something  over  $4.00  and  the  third  rail 
$6.50  per  mile,  while  the  upkeep  of  the  trolley  was  six  times  that 
of  the  third  rail  per  mile. 

Coming  now  to  Mr.  Murray's  paper,  it  is  somewhat  difficult 
for  me  to  treat  it  with  the  thoroughness  which  its  voluminous 
character  and  its  wide  dissemination  would  ordinarily  be  ex- 
pected to  require.  What  was  hoped  for,  and  is  needed  more 
than  all  else,  is  that  presentation  of  actual  construction  and 
operating  costs  so  vital  to  any  intelligent  consideration  of  the 
subject  of  steam  railroad  electrification  by  any  means  what- 
ever— not  a  special  plea  for  a  particular  system,  no  matter 
how  ardent  its  advocate  may  feel  in  its  behalf. 

I  doubt  not  that  among  the  many  engineers  of  occasional  con- 
servative tendencies — ^the  natural  result  of. some  years'  experience 
in  spending  one's  own  and  one's  client's  money  in  industrial 
development,  and  sometimes  seeking  an  acceptable  excuse  for  a 
dearth  of  dividends  in  times  of  increased  cost  of  living — ram  in- 
cluded (to  borrow  Mr.  Murray's  description)  among  those 
"  who  claim   some  recognition  in  the  field  of  railroad   engi- 
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neering,"  and  who  believe  that  the  time  has  not  yet  come,  if 
indeed  it  will  ever  come,  when  the  electrical  engineer,  in  his 
broader  responsibility,  can  say  that  there  is  but  one  system  of 
electrification  adequate  to  meet  all  the  varied  problems  of  rail- 
roading. 

Certainly  such  cannot  be  said,  with  any  degree  of  lasting 
authority,  at  the  present  moment;  one  might  as  well  say  that 
we  have  reached  the  limit  of  the  tireless  activities  of  thempads 
of  workers  in  the  electrical  fields,  and  that  the  curtain  has  fallen 
on  new  discoveries  and  inventions.  Equally  mistaken  would  be 
the  claim  that  all  railroads  are  ready  to  be  electrified,  or  on  the 
other  hand  that  none  are,  or  that  a  hard  and  fast  line  of  d^ 
marcation  can  be  drawn  between  those  which  should  and  th(^ 
which  should  not  consider  a  change  of  motive  power. 

The  author  has  presented  many  interesting  isolated  facts, 
some  of  undoubted  value,  and  varied  such  presentations  with  a 
plentitude  of  drawings  from  the  all-embracing  and  constantly 
accumulating  records  of  the  New  Haven  engineering  depart- 
ment. But  one  looks  in  vain  for  some  correlated  and  definite 
facts  as  to  the  costs  of  construction  and  costs  of  operation, 
either  individual  or  comparative.  Even  the  simplest  facts  as 
to  cost  of  overhead  installation,  of  locomotives  and  motor 
cars,  or  costs  of  power  production  and  distribution,  or  of  lax»- 
motive   and  motor  car  repairs  and  upkeep  are  not  .s[iven. 

I  will  take  only  a  few  moments  to  touch  on  one  or  twf 
points  in  Mr.  Miuray's  paper.  There  is  here  presented,  what' 
Not  the  single-phase  system,  as  ordinarily  understood,  but 
what  I  may  call  the  author's  system.  I  think  it  can  be  all 
found  in  his  two  earlier  papers.  What  are  the  character- 
istics of  the  system?  Single-phase  transmissions  at  a  poten- 
tial limited  by  the  requirements  of  the  trolley  wire,  froii: 
central  stations  equipped  with  generators  built  with  vari- 
able voltages  and  operated  with  grounded  circuits;  the 
abolition  of  step-up  and  step-down  transformers,  thus  gmi 
up  the  absolute  and  necessary  freedom  of  determining  econ- 
omically the  potential  of  long  distance  transmission  from  a 
central  station;  a  potential  of  11,000  volts  or  higher  on  a  trolley 
line  in  contiguous  territories,  but  with  entire  freedom  to  chanp 
that  potential  to  something  different  on  remote  lines;  the  aboli- 
tion of  the  single-phase,  25-cycle  motor,  and  the  substitutior. 
therefor,  as  a  possibility  in  the  near  or  the  dim  future,  of  ^ 
single-phase  induction  motor,  or  in  lieu  of  that  the  much  criti- 
cized direct  current  motor  supplied  by  a  mercury  rectifier  or  it;| 
equivalent.  Furthermore,  we  have  25  cycles  as  the  preferred 
frequency.  In  this  last,  Mr.  Murray  is  somewhat  at  variance 
with  the  practical  experience  and  recommendations  of  sontf 
others.  We  find  the  German,  Swiss,  Italian  and  Swedi^^ 
engineers,  and  one  of  the  great  manufacturers  of  this  countn'. 
who  supplied  the  apparatus  for  the  New  Haven  road,  recommend- 
ing, where  alternating  current  is  to  be  used,  about  fifteen  cycles 
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as  the  proper  standard  for  trunk  line  operation,  while  many 
of  our  prominent  engineers  in  this  cotmtry,  men  of  wide  ex- 
perience and  ability,  and  prominent  in  this  Institute,  endorse 
25  cycles.  We  find  eminent  engineers  abroad  recommending 
polyphase  apparatus  entirely,  others  prefer  single-phase,  and 
here  we  have  some  who  believe  in  developing  the  direct  current 
to  its  logical  limits  so  that  what  it  can  accomplish  may  be 
safely  and  fairly  measured  in  comparison. 

Mr.  Murray  says,  **  We  have  made  the  system  work,  now  let 
us  make  it  pay."  After  you  have  made  a  system  reliable,  and 
within  its  possible  economy  workable,  the  way  to  make  it  pay  is 
to  get  traffic,  and  also  to  extend  the  use  of  the  system  to  an  engine 
division.  Mr.  McHenry,  Vice-President  of  the  New  Haven 
road,  is  quoted  as  saying  that,  after  all,  if  the  passenger  service 
can  be  operated  by  electricity,  every  wheel  on  a  division  ought 
to  be  turned  by  electricity;  and  he  points  out  the  important  fact 
that  the  schedules  of  the  freight  operation  can  be  so  arranged  as 
not  to  materially  add  to  the  burden  of  maximum  demand  on  the 
central  and  substations.  •  It  seems  to  jne  that  this  latter  day 
suggestion  to  operate  every  wheel  of  a  division  by  electricity  is 
very  familiar.  When  the  New  Haven  system  was  put  in  I 
said  that  if  there  is  any  reason  for  the  adoption  of  this  system 
on  the  New  Haven  road,  even  within  the  limits  of  the  electric 
zone,  the  operation  should  be  extended  to  every  wheel,  that  pas- 
senger trains,  multiple  unit  and  through,  and  freight  traii>s 
should  be  operated  electrically;  in  short,  one  should  be  able  to 
get  the  diversity  factor  on  a  railroad  as  well  as  elsewhere. 

But  I  am  going  one  step  further.  I  am  one  of  those  who  have 
a  sort  of  growing  belief  that  that  diversity  factor  should  be 
extended,  and  those  who  went  yesterday  afternoon  to  the  mag- 
nificent Commonwealth  Edison  Company  stations,  and  saw 
single  generators  of  a  continuous  capacity  two  or  three  times  the 
average  power  consumed  the  year  roimd  on  the  West  Jersey  line, 
and  Imow  something  about  the  diversity  of  service  on  these  plants, 
must  realize,  it  seems  to  me,  that  the  day  of  individualizing  the 
railroad  as  we  are  in  the  habit  of  doing  will  pass,  and  that  its 
demand  for  power,  with  increasing  reliability  of  central  station 
operation,  will  be  met  by  great  central  stations  connected  up 
together,  and  further,  that  these  central  stations  will  be  engaged 
not  only  in  supplying  electricity  to  railroads,  but  for  every 
purpose  for  which  electricity  can  be  used  within  the  radius  of 
their  operation.  The  New  York  Central  and  the  New  Haven 
roads  could  be  supplied  today,  and  supplied  with  less  money, 
without  one  dollar  of  investment  in  central  stations,  by  a  general 
station  of  the  capacity,  size  and  system  of  operation  of  that  of 
the  Commonwealth  Edison  Company. 

This  statement  has  a  bearing  directly  on  the  situation  in 
Chicago  at  the  present  time.  Here  are  more  than  a  score  of 
railroads  entering  the  City,  and  an  attempt  to  issue  a  mandatory 
decree  by  the  Council  that  there  must  be  electrification  of  these 
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lines  within  the  city  limits  within  a  certain  time.  I  am  opposed 
to  mandatory  legislation  of  that  kind,  but  when  electrification 
does  come  it  will  be  for  the  engineers  in  charge  to  determine  it. 
Then  they  should  keep  one  problem  in  mind:  How  can 
the  maximum  benefit  be  obtained  with  the  minimum  of  burden 
to  the  railroad  and  the  commimity?  That  will  mean  a  con- 
solidation of  power  plants,  so  that  the  current  will  be  supplied 
from  a  limited  number  of  well  situated  distributing  centers 
which  will  provide  not  only  power  for  the  railroads,  but  for  every- 
thing else  within  the  radius  of  their  action.  I  think  that  this 
means  polyphase  transmission,  and  quite  likely  direct  current 
distribution. 

We  have  had  one  or  two  criticisms  of  the  storage  battery. 
Most  people  do  not  know  why  the  battery  was  put  in  on  the 
New  York  Central  railroad,  of  whose  Committee  on  Electrifica- 
tion I  was  a  member.  It  was  installed  on  the  advice  of  every 
member  of  the  Commission,  because  of  the  then  absolute 
necessity  for  the  fullest  measure  of  insurance,  not  because  we 
expected  to  lower  the  kw.  cost  much.  We  cut  out  part  of  our 
generating  equipment,  and  spent  $1,000,000  for  batteries,  and 
increased  the  then  reliability  of  the  plant  from  a  practical  point 
of  operation  by  a  large  margin.  There  have  been  times  when 
that  insurance  was  worth  a  good  deal  of  money.  There  are  in 
New  York  and  Chicago  two  of  the  greatest  central  power  stations 
for  general  supply  in  this  country.  I  believe  there  are  not  less 
than  40  to  46  batteries  in  the  New  York  City  plant,  and  a  cor- 
respondingly large  capacity  in  storage  batteries  in  the  Chicago 
plant;  and  if  you  ask  the  managers  of  these  stations  what  is  the 
use  of  the  battery,  they  will  tell  you  that  it  is  not  for  the  eco- 
nomical production  of  power,  but  for  the  insurance  which  the 
battery  affords.  I  do  not  know  to  what  extent  storage  batteries 
may  be  used  on  railroads  in  the  future.  The  increase  in  the 
general  reliability  of  central  stations  and  in  the  limits  of  rotary 
converters  are  such  that  sometime  we  will  not  need  a  battery, 
but  if  a  battery  is  to  be  used,  remember  that  it  is  for  insurance; 
do  not  go  on  the  mistaken  idea  that  it  is  put  in  to  materially 
lower  the  cost  of  power,  all  things  considered.  When  it  is  used 
it  is  applicable  to  direct  current  distribution,  and  not  to  single- 
phase  distribution  except  by  the  introduction  of  moving  ap- 
paratus of  the  full  required  substation  capacity. 

The  time  is  so  limited  that  some  notes  I  have  made  I  shall 
pass  by  for  the  present,  but  I  wish  to  impress  on  you  all  my 
conviction,  and  I  believe  I  have  some  right  to  express  a  convic- 
tion in  a  matter  to  which  I  have  given  twenty-five  years,  that 
the  battle  should  be  between  steam  and  electricity  and  not 
between  systems.  I  say,  **  God  speed  "  to  advance  by  what- 
ever system,  be  it  single-phase,  polyphase  or  direct  current,  but 
when  the  merits  of  systems  are  discussed,  I  for  one  will  always 
stand  absolutely  opposed  to  fatuous  comparisons  which  accept 
all  the  promises  of  the  one  and  deny  the  possibilities  of  the 
others. 
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Edwin  B.  Katte:  I  have  not  had  an  opportunity  to  read 
Mr.  Wood's  paper  with  the  care  that  is  necessary  to  discuss 
such  a  paper  in  detail.  The  real  value  of  his  paper  is  as  an  in- 
centive to  draw  out  similar  operating  information,  and  I  will  be 
glad  to  cooperate  with  the  Railroad  Committee  in  an  endeavor 
to  obtain  more  such  data.  I  was  sorry  to  note  on  the  very  first 
page  that  there  would  be  no  comparison  with  the  cost  of  steam 
operation.  We  do  not  yet  know  the  relative  cost  of  steam  and 
electric  operation  on  trunk  line  railroads.   - 

Among  the  very  interesting  points  which  attracted  my  atten- 
tion was  the  comparison  of  the  third-rail  and  the  trolley  systems. 
Mr.  Sprague  has  already  called  attention  to  the  fact  that  the 
trolley  per  mile  costs  six  times  as  much  to  maintain  as  the  third- 
rail.  Again,  in  Table  8,  we  find  that  the  detentions  due  to  all 
third-rail  troubles  were  twenty-eight  minutes,  and  to  the 
trolley  troubles  they  were  one  thousand  nine  hundred  and 
twenty  minutes.  At  another  point  the  first  cost  is  given,  and  it 
is  interesting  to  note  that  the  cost  of  the  overhead  trolley  is 
almost  exactiy  the  same  as  the  cost  of  the  third  rail. 

L.  C.  Fritch:  I  do  not  expect  to  talk  to  you  this  morning 
from  the  standpoint  of  an  electrical  engineer,  but  rather  from  the 
standpoint  of  the  steam  railroad  engineer.  I  am  very  glad  now, 
as  a  member  of  this  Railroad  Committee,  that  I  did  not  prepare 
a  paper  for  discussion  at  this  meeting,  seeing  how  Mr.  Murray's 
paper  is  being  criticized,  but  I  will  say  that  I  did  prepare  a 
paper  on  the  subject  of  the  electrification  of  steam  railroads 
as  applied  to  terminals,  but  it  was  so  proelectric,  that  when  the 
railroad  men  received  it  it  was  suppressed.  One  President  of  a 
railroad  said — "  You  are  too  enthusiastic  on  this  subject,  you 
have  too  much  electricity  in  your  system,  and  your  views  are 
too  advanced.  But  from  the  investigation  I  have  made  so  far 
I  have  reached  this  conclusion — "  that  there  is  work  in  trans- 
portation in  heavy  trunk  line  service  that  the  steam  locomotive 
cannot  perform,  but  there  is  no  work  in  transportation  on  heavy 
trunk  line  service  that  an  electric  locomotive  cannot  perform 
more  efficiently  than  the  steam  locomotives.  While  I  am  not  as 
narrow  minded,  I  think,  as  some  railroad  men,  I  am  certain  it  is 
possible  to  demonstrate  that  phase  of  the  question  when  con- 
sidering the  application  of  electricity  to  heavy  trunk  line  service. 
It  seems  to  me  that  railroad  men  are  making  a  mistake  in  en- 
deavoring to  ward  off  something  that  is  inevitable.  The  recent 
development  of  the  Mallet  type  of  locomotive,  in  my  opinion,  is 
the  dying  gasp  of  the  steam  railroad  men  to  maintain  steam  as  a 
motive  power  on  railroads.  When  we  consider  the  Mallet  type 
engine,  weighing  615,000  lb.,  total  weight,  the  weight  on  drivers 
550,000  lb.,  with  a  tractive  effort  of  137,500  lb.,  and  a  ratio  of 
pounds  on  drivers  and  tractive  effort  of  4,  and  then  take  the 
Pennsylvania  railroad  type  electric  locomotive  of  the  passenger 
type,  total  weight  of  332,000  lb.,  weight  on  drivers  207,000  lb., 
and  tractive  effort  of  69,300  lb.,  and  then  take  into  consideration 
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the  overload  capacity  and  the  ratio  of  driver  weight  to  tractive 
effort  per  pound,  of  3,  I  think  the  argtiment  is  in  favor  of  the 
electric  locomotive.  The  railroads  in  this  country  have  spent 
millions  of  dollars  in  grade  reduction,  line  revision,  and  tunnel 
excavation,  which,  if  it  had  been  spent  for  electrification  of  these 
lines,  in  my  opinion,  in  many  cases  it  would  have  shown  more 
economical  results. 

Now,  as  to  the  question  in  Chicago,  the  situation  here  is 
peculiar  to  itself  and  I  am  not  altogether  agreed  with  some  of  the 
statements  made  here  this  morning,  that  it  is  not  a  question  of 
the  systems,  it  is  a  question  as  between  steam  and  electricity. 
It  is  true,  it  should  be  a  battle  between  steam  and  electricity, 
but. the  question  of  the  system  must  be  established.  As  long 
as  the  system  is  not  established,  you  are  simply  furnishing  ammu- 
nition for  those  who  do  not  desire  to  electrify. 

The  situation  here  in  Chicago  is  this:  We  have  some  twenty- 
five  trunk  lines  in  Chicago.  There  is  an  interchange  of  freight 
traffic  between  all  of  them;  the  locomotives  of  one  company  go 
into  the  yards  of  every  other  company.  Now,  if  one  company 
should  adopt  one  system,  and  another  company  adopt  another 
system,  it  is  readily  seen  how  impossible  the  operation  would  be. 
I  am  an  advocate  of  a  universat  system,  or  a  system  of  systems 
that  will  be  mutually  interchangeable,  and  unless  you  make 
progress  along  that  line,  electrification  is  not  going  to  make 
much  advance  in  heavy  trunk  line  service.  In  New  York,  of 
course,  the  situation  is  different  from  what  it  is  here,  but  there  is 
no  reason  why  this  question  cannot  be  solved,  and  I  think  that 
instead  of  electrical  engineers  having  a  battle  of  systems,  they 
ought  to  get  together  and  devise  a  system  or  systems  that  will  be 
mutually  interchangeable. 

Considering  further  the  Chicago  situation,  which  I  think  will 
be  of  interest  to  you,  it  has  always  appeared  to  me  that  the 
question  has  been  approached  from  the  wrong  angle.  It  has 
always  been  a  question  of — Will  it  pay?  While,  of  Course,  the 
financial  question  is  the  all-important  question,  yet  there  are  in- 
stances in  this  city  where  electrification  on  certain  branches  of 
service  will  be  justified,  not  as  a  whole  perhaps,  but  an  initial 
installation  will  pay,  and  that  will  demonstrate  whether  an 
extension  of  electrification  will  be  justified.  That,  in  my 
opinion,  is  the  proper  way  to  investigate  the  question  here. 
There  has  recently  been  a  Commission  appointed  to  investigate 
the  question  in  Chicago,  and  I  do  not  think  it  will  be  difficult 
to  write  that  Committee's  report  now,  because  statements  have 
been  made  that  it  will  cost  $250,000,000  to  electrify  the  railroads 
in  Chicago.  I  do  not  agree  with  that  statement.  I  think  a  sum 
half  that  amount  would  meet  all  the  objectionable  features  of 
steam  operation  in  Chicago  today.  The  situation  here  demands 
not  only  electrification,  an  investigation  into  the  matter  of 
electrification,  but  a  revision  of  the  entire  terminal  situation. 
The  railroad  tracks  in  Chicago  were  laid  principally  as  though 
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shot  out  of  a  gun,  without  much  system  or  relation  to  each 
other.  What  should  be  done,  in  my  opinion,  is  that  the  rail- 
roads, as  a  whole,  should  get  together  and  revise  their  terminals, 
and  in  my  opinion,  they  should  electrify  them  within  certain 
reasonable  limits;  that  common  entrances  should  be  provided 
and  a  group  of  passenger  stations,  with  a  joint  entrance  which 
could  be  electrified.  If  the  freight  terminals  were  made  joint 
freight  terminals,  and  all  interchange  traffic  that  has  no  business 
within  the  Chicago  business  district  kept  out  of  it,  the  local 
business  could  be  handled  in  a  much  more  simple  manner  than 
it  is  handled  today  and  lend  itself  more  readily  to  electrification. 

There  is  one  point  that  Mr.  Murray  has  brought  out,  which  I 
consider  very  valuable  at  this  time,  and  that  is  the  question  of 
the  electrification  of  switching  terminals.  In  my  opinion,  that 
is  one  of  the  most  important  Matters  that  has  been  brought  out 
in  these  papers.  He  has  shown  that  there  is  a  possibility  of  a 
saving  of  at  least  thirty  per  cent  in  the  number  of  units  of  switch- 
ing locomotives.  Now,  take  one  railroad  in  Chicago  having 
forty-five  switch  engines,  a  reduction  of  30  per  cent,  would  mean 
fifteen  locomotives,  and  taking  these  locomotives  at  an  average 
cost  of  $10,000  a  year  per  locomotive,  that  would  mean  |150,0(K), 
which  capitalized  would  mean  $3,000,000.  That  will  go  a  long 
ways  toward  electrifying  a  switching  terminal.  These  are 
matters  which  we  should  bring  out  and  develop,  and  wherever 
you  raise  the  question  of  electrification,  in  railroad  circles,  you 
will  be  met  with  the  statement  that  never  yet  has  a  large  freight 
terminal  been  electrified,  that  it  is  not  possible,  and  is  impracti- 
cable in  every  sense.  I  do  not  believe  that.  I  believe  that  in 
yard  operation  it  is  possible  with  overhead  construction,  using 
either  direct  current  or  alternating  current,  such  as  Mr.  Murray 
figured  out,  and  that  it  can  be  built  for  from  $1500  to  $2000  for 
single  track  per  mile.  It  is  not  a  question  of  the  number  of 
tracks.  If  you  have  a  yard  with  fifty  tracks,  you  can  span  these 
tracks,  and  that  will  remove  all  the  objections  to  the  third-rail 
or  surface  conductor  which,  of  course,  would  be  almost  in- 
admissable  in  some  instances.  It  would  be  possible  to  use  a 
lower  voltage  in  the  yard  that  out  on  the  main  lines,  where 
trolleys  would  be  perfectly  practicable. 

J.  L.  Woodbridge:  Mr.  Murray  in  his  paper  states  that 
storage  batteries  for  trunk  line  electrification  are  not  economical. 
He  admits  that  a  battery  will  permit  more  economical  generation 
of  power,  but  states  that  this  increase  in  economy  is  offset  by 
the  increased  output  required  (presvunably  to  supply  battery 
losses)  and  the  cost  of  battery  maintenance;  and  concludes 
his  observations  on  this  subject  with  the  remark  "  It  is  of  interest 
to  note  the  passing  of  the  storage  battery  theory;  at  least  in  as 
far  as  its  application  to  trunk  line  conditions  is  concerned." 

I  desire  to  take  issue  with  Mr.  Murray  on  this  point.  So 
sweeping  a  statement  would  seem  to  call  for  a  presentation  of 
the  facts  and  arguments  upon  which  it  is  based.    As  it  stands, 
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it  appears  to  be  merely  the  expression  of  his  own  unsupport^ii 
personal  opinion.  Without  knowing  the  source  from  which  i: 
was  derived,  a  comprehensive  reply  is  impossible;  but  I  would 
like  to  offer  a  few  remarks  on  the  other  side  of  the  question,  and 
present  a  few  actual  facts  in  support  of  my  position. 

Inasmuch  as  Mr.  Murray  is  evidently  looking  at  the  com- 
mercial, rather  than  the  technical  side  of  the  question,  I  shall 
confine  my  remarks  to  that  aspect  of  the  matter.  The  questioc 
is,  therefore,  can  a  storage  battery  be  so  applied  to  trunk  line 
electrification  and  so  operated  that  the  increase  of  economy  r, 
the  generation  (and  possibly  the  transmission)  of  electrical  ener^. 
will  more  than  offset  the  cost  of  battery  losses,  batter}-  main- 
tenance and  interest  on  increased  investment,  if  any.  I  belie  v. 
that  in  many,  if  not  most,  cases  of  trunk  line  electrification  a 
complete  analysis  of  the  problem  would  show  that  a  stora^f 
battery,  properly  adapted  to  meet  the  conditions  and  controlleii 
to  produce  maximum  economy,  will  be  a  profitable  investment 
In  support  of  this  position  I  would  submit  a  few  actual  facts. 

About  three  years  ago,  the  Chicago  City  Railway  Compan;. 
entered  into  a  contract  with  the  Commonwealth  Edison  Com- 
pany for  the  purpose  of  power.  The  details  of  this  contract  haw 
been  published,  and  are  well  known.  It  provides  for  the  fay 
ment  of  a  unit  price  per  kw-hr.  plus  a  service  charge  of  $15  pe: 
kw.  per  year  for  the  maximvun  peak,  this  peak  being  the  average' 
of  the  maximum  one  hour  peaks  of  any  three  consecutive  day-s 
In  order  to  reduce  this  service  charge,  the  Railway  Company, 
who  already  had  one  battery  in  service  at  77th  Street,  installer. 
another  much  larger  battery  at  their  Plymouth  substation.  k< 
a  result  of  the  operation  of  these  two  installations,  the  saving  ir. 
the  power  bills  after  deducting  maintenance,  operating  expenses, 
rent,  insurance,  taxes,  etc.,  is  sufficient  to  pay  12  per  cent  on  tk 
investment.  Now  it  will,  of  course,  be  contended  that  thi> 
result  is  due  to  the  peculiar  terms  of  the  power  contract,  which 
penalizes  the  purchaser  for  peak  loads  to  such  an  extent  that  tht 
battery  installation  becomes  a  commercial  proposition.  This  i> 
very  true,  but  if  this  power  contract  is  fair  and  equitable  to  both 
parties  in  all  its  terms  and  conditions  (and  of  this  there  can  be  n-^ 
doubt  in  view  of  the  standing  and  ability  of  the  men  who  drew 
it  up) ,  if  the  terms  of  sale  are  logically  based  upon  the  condition"^ 
of  power  production,  and  the  prices  are  tnily  proportionate  :o 
costs,  then  the  battery  investment  would  be  equally  profitable 
if  the  Chicago  City  Railway  Company  were  developing  its  own 
power.  In  fact,  it  should  be  more  so,  since  the  terms  of  the 
power  contract  undoubtedly  make  it  necessary  for  the  Railway 
Company  to  discharge  its  batteries  on  peak  loads  on  some 
occasions  when  there  would  be  no  economic  advantage  in  doin? 
this.  If  the  Chicago  City  Railway  Company  were  developini: 
its  own  power  it  would  be  possible  to  reduce  the  amoimt  of  work 
which  the  battery  is  now  called  upon  to  do,  and  thus  reduce  the 
cost  of  maintenance. 
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The  Chicago  City  Railway  is  not,  of  course,  a  case  of  trunk 
line  electrification,  but  it  will  doubtless  be  conceded  that  trunk 
line  service  is  still  more  favorable  to  the  storage  battery,  in 
view  of  the  smaller  number  and  heavier  demand  of  the  train 
uni+s,  and  the  more  irregular  and  intermittent  character  of  the 

The  economy  arising  from  the  presence  of  a  storage  battery  in 
•onnection  with  an  electric  system  may  be  effected  in  two  dif- 
'crent  ways. 

First,  a  careful  analysis  of  the  cost  of  producing  power  tmder 
the  various  load  conditions  will  show  that  not  every  kw-hr. 
is  produced  at  the  same  cost,  but  that  this  cost  varies  widely 
at  different  times  of  the  day,  and  under  different  conditions 
of  operation.  In  general,  the  power  produced  below  the  average 
load  line  at  a  steady  rate,  for  many  consecutive  hours,  is  de- 
veloped at  minimum  cost,  while  the  power  produced  for  the 
short  peaks  above  the  average  line,  is  produced  at  maximum 
cost.  The  difference  between  these  two  costs  of  power  is  actually 
much  greater  than  many  engineers  are  apt  to  realize.  To  de- 
velop energy  at  the  minimum  cost,  and  store  it  in  a  battery,  to  be 
again  delivered  to  the  system  under  conditions  when  the  cost  of 
developing  the  power  directly  would  be  a  maximum  is  one 
method  of  deriving  economical  restdts  from  the  operation  of  the 
battery. 

The  second  way  in  which  a  storage  battery  can  effect  improved 
economy  of  operation  is  by  its  mere  presence  on  the  system  as  a 
reservoir  of  energy  ready  to  deliver  its  output  at  a  moment's 
warning  imder  any  unforeseen  conditions  of  demand  or  power 
supply.  The  mere  fact  that  such  a  reservoir  is  at  hand,  even 
though  it  be  seldom  called  upon,  will  permit  a  more  economical 
operation  of  boiler  and  engine  room  than  would  be  possible  if 
some  other  form  of  generating  apparatus,  such  as  boilers,  engines 
and  generators,  must  be  kept  in  readiness  for  emergency  service. 
The  batteries  installed  in  connection  with  the  New  York  Central 
electrification  are  handled  in  this  way. 

A  review  of  recent  progress  in  storage  battery  engineering,  and 
recent  development  in  automatic  controlling  apparatus,  will 
reveal  a  tendency  to  limit  more  carefully  the  operation  of  bat- 
teries to  the  particular  class  of  work  for  which  they  are  especially 
adapted,  and  to  eliminate  a  large  amoimt  of  battery  work  which 
does  not  make  for  economy.  It  is  not  economical  for  a  storage 
battery  to  take  all  the  peaks  above  and  below  a  given  average 
load  line.  Much  of  this  class  of  work,  which  has  heretofore  been 
thrown  on  storage  batteries  where  they  have  been  installed, 
woidd  be  more  economically  handled  by  the  generating  ap- 
paratus. This  fact  is  being  more  and  more  clearly  recognized, 
and  automatic  controlling  apparatus  has  been  developed  to 
discriminate  between  the  different  classes  of  fluctuations  in  such 
a  way  that  only  those  peaks  and  fluctuations  which  can  be  eco- 
nomically carried  by  the  battery,  are  referred  to  it.     This  means 
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that  the  size  of  the  battery  may  in  some  cases  be  reduced,  the 
first  cost  decreased  and  the  maintenance  charge  lessened.  In 
any  case  the  efficiency  of  operation  is  improved. 

The  use  of  storage  batteries  for  stand-by  service  has  also 
assumed  greater  prominence  in  recent  years,  and  while  this 
use  is  largely  found  in  electric  lighting  systems,  it  is  occasionally 
applied  to  railway  work.  The  operation  of  the  battery  in  con- 
nection with  the  Baltimore  Tunnel  electrification  is  in  some 
ways  an  example  of  this  class  of  service.  The  Baltimore  and 
Ohio  Railroad  Co.  has  recently  entered  into  a  contract  for  the 
purchase  of  power  from  the  Consolidated  Gas,  Electric  Light  and 
Power  Company,  under  the  terms  of  which  the  cost  of  power 
is  increased  by  peaks  and  fluctuations  above  certain  specified 
limits.  The  battery  is  operated  to  prevent  the  power  demand 
from  exceeding  these  limits.  Under  ordinary  load  conditions 
the  battery  is  merely  floating  on  the  line,  and  is  prevented  from 
charging  or  discharging  when  such  work  would  not  have  any 
effect  in  reducing  the  cost  of  power.  When,  however,  the  de- 
mand exceeds  the  limit  set,  the  battery  discharges,  taking  all 
load  fluctuations  above  this  limit.  This  operation,  which  may  be 
called  stand-by  regulating  service,  is  produced  automatically  by 
controlling  apparatus  recently  installed.  The  result  is  that  the 
battery  is  called  upon  to  do  only  such  work  as  is  commercially 
economical.  This  is  another  instance  in  which  the  terms  of  the 
power  contract  between  the  user  and  the  producer  of  power  make 
the  operation  of  a  storage  battery  commercially  economical. 
The  terms  of  this  contract  are  the  result  of  a  careful  analysis  of 
all  the  conditions  of  power  production  and  utilization,  this 
analysis  being  equally  applicable  if  the  operating  company  were 
producing  its  own  power. 

It  may  be  interesting  to  note  that  in  neither  of  the  cases  cited 
above  is  it  a  part  of  the  battery  *s  function  to  regulate  the 
momentary  fluctuations  of  load  for  the  improvement  of  the 
lighting  service  of  the  company  which  is  producing  the  power. 
The  momentary  fluctuations  in  both  cases  are  ordinarily  allowed 
to  fall  on  the  power  company *s  system.  Refinement  of  voltage 
regulation,  which  in  some  situations  is  the  motive  for  the  in- 
stallation of  a  battery,  is  not  called  for  in  these  two  examples 
and  the  argument  for  the  use  of  storage  batteries  in  these  cases 
rests  on  commercial  economy  only. 

•  Dugald  C.  Jackson:  The  electrification  project  of  the  New 
York,  New  Haven  &  Hartford  Railroad,  for  handling  trains 
entering  and  leaving  New  York,  has  been  a  center  of  interest  to 
all  engineers  having  electric  railroad  relations;  and  the  courage 
and  vigor  with  which  the  engineering  staff  of  that  road  attacked 
the  problem  of  designing,  constructing  and  adapting  a  then  sub- 
stantially untried  alternating  current  system  to  meet  the  needs 
of  an  active  steam  railroad  traffic  has  been  a  matter  of  satisfac- 
tion and  congratulation  to  all.  The  accomplishment  that  has 
been  reached  in  four  or  five  years  is  remarkable,  and  is  a  monu- 
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ment  to  the  fidelity  and  skill  of  the  engineering  stafiF  which 
carried  it  out. 

The  drawings  which  accompany  Mr.  Murray's  paper  give  con- 
crete -evidence  of  some  of  the  work  done  and  some  of  the  diffi- 
culties which  had  to  be  overcome  to  make  the  working  of  the 
system  a  success.  I  speak  of  difficulties — they  obviously  were 
tremendous,  and  when  faced  in  the  course  of  work  must  at  times 
have  seemed  nearly  insuperable.  Their  spikes  and  claws  appear 
relatively  few  and  hamiless  when  viewed  in  the  retrospect  af- 
forded by  this  paper,  but  the  credit  to  the  engineers  whose 
courage,  foresight  and  ability  wrought  this  result,  should  not 
be  diminished.  When  we  admire  the  courage  evidenced  by  the 
New  Haven  Railroad  organization,  by  the  adoption  and  in- 
stallation in  service  of  its  Stamford- Woodlawn  system  of  elec- 
trification, and  their  skill  in  overcoming  the  appalling  difficulties 
which  faced  them,  we  must  also  acknowledge  that  the  adoption 
of  11, 000- volt  trolley  construction  in  the  wet  and  difficult  con- 
ditions of  the  Hoosac  Tunnel  proves  that  their  courage  remains 
imbroken. 

There  is  no  longer  any  question  of  the  physical  ability  of 
electric  motive  power  to  cope  successfully  with  all  of  the  prob- 
lems of  trunk  line,  suburban  or  terminal  service,  and  with  a 
reliability  excelling  the  service  by  steam  motive  power.  The 
only  possible  exception  may  be  that  of  the  railroad  yard,  but 
any  one  who  goes  to  Mr.  Murray's  little  yard — ^little  to  be  sure, 
but  effective — over  which  he  now  has  wires,  cannot  but  be  im- 
pressed with  the  simplicity  of  the  situation  there.  I  have  not 
yet  had  an  opportunity  to  look  at  Mr.  Murray's  switching  loco- 
motive, but  from  what  he  tells  me  it  must  be  remarkable  for 
activity  and  perfection  in  operation.  Not  only  that,  but  we 
now  have  the  proof  that  electric  motive  power  is  satisfactory 
for  the  work  of  moving  trains  in  trunk  line  service,  (as  we  have 
heretofore  had  proof  of  its  adaptability  in  suburban  and  terminal 
service),  and  this  with  a  reliability  obtained  which  perhaps 
excels  and,  at  least  fully  equals  the  records  of  steam  motive 
power.  These  proofs  have  been  made  in  a  few  years.  Hav- 
ing made  these  proofs  in  relatively  few  years,  we  are  bound 
to  see  yet  better  results  as  more  experience  is  obtained.  Well 
built  electric  machines  are  acknowledged  to  be  among  the  most 
reliable  machines  made  by  man,  and  the  substitution  of  electric 
for  steam  motive  power  removes  the  least  reliable  part  of  the 
motive  power  of  the  railroads,  that  is,  the  engine  and  boiler,  from 
the  road,  and  establishes  them  in  larger  and  better  perfected 
units  located  in  stationary  power  stations  where  they  can  be 
properly  inspected,  supervised  and  cared  for. 

The  physical  success  of  electric  motive  power  has  been  abimd- 
antly  proved  in  trunk  line,  suburban  and  terminal  service,  for 
single-phase,  polyphase,  and  direct  current  installations,  in  this 
country,  and  Europe.  It  is  undeniable  that  several  Swiss  roads 
have  made  a  success  of  electrification,  but  perhaps  they  are  too 
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small  to  be  compared  with  some  of  the  great  trunk  lines  in  ili< 
country,  and  I  will  not  go  into  a  discussion  of  them.  The 
Valtellina  road  was  one  of  the  earliest  steam  railroads  to  conver. 
to  electric  service,  and  its  electric  service  has  been  successfully 
maintained  for  years.  Various  other  Italian  roads  give  evidence 
of  success.  The  London-Brighton  installation  in  England  ha^ 
sufficiently  proved  its  justification.  Neither  is  physical  succ^> 
deniable  in  the  installations  at  the  Cascade  Timnel  of  the  Greai 
Northern  Railroad,  the  St.  Clair  Tunnel  of  the  Grand  Tnmk 
Railroad,  the  relatively  new  Detroit  Timnel  of  the  Michigan 
Central  Railroad,  the  West  Jersey  and  Seashore  Line  of  the 
Pennsylvania  Railroad  which  Mr.  Wood  described,  the  lines  o: 
the  Long  Island  Railroad,  the  New  York  Terminal  of  the  Xev 
York  Central  Railroad,  which  Mr.  Katte  discussed,  the  Stamford- 
Woodlawn  zone  of  the  New  York,  New  Haven  &  Hartford  rail- 
road, which  Mr.  Murray  described,  and  the  relatively  new 
New  York  Terminal  of  the  Pennsylvania  Railroad,  and  other 
important  installations  in  the  United  States. 

It  is  being  urged  in  some  quarters  that  electrification  of  addi- 
tional lines  or  terminals  on  a  large  scale  ought  not  to  be  pressed 
forward,  on  the  groimd  that  engineering  in  this  branch  lack? 
standards.  The  data  contained  in  the  papers  presented  ib 
morning,  it  seems  to  me,  prove  the  substantial  baselessness  o: 
that  assertion,  notwithstanding  the  fact  that  one  dealt  with  an 
alternating  ciurent  installation  and  one  dealt  with  a  direci 
current  installation.  The  baselessness  of  that  assertion  is 
equally  proved  by  the  standards  of  electrical  construction  and 
apparatus  of  the  New  York,  New  Haven  &  Hartford  Raikoad. 
the  New  York  Central  &  Hudson  River  Railroad,  and  the 
Pennsylvania  Railroad.  The  fact  that  electrification  may  N' 
made  by  means  of  either  single-phase,  polyphase,  or  direct  cur- 
rent does  not  signify  lack  of  standards,  but  is  a  patent  of  thi 
ability  of  electric  power  to  meet  every  requirement  when  tbt 
system  adapted  for  particidar  service  is  selected  and  installc'i 
with  engineering  skill.  In  a  situation  such  as  exists  here  in 
Chicago,  it  would  as  Mr.  Fritch  suggests  be  criminal  for  the  im- 
portant roads  to  adopt  systems  which  are  not  freely  interchange- 
able. Some  minor  road  may  have  a  different  system  on  acooun* 
of  not  coming  into  the  main  systems,  but  the  equipment  of  ail 
important  roads  entering  a  place  like  Chicago  must  be  com- 
pletely interchangeable.  This  however  may  be  accomplished, 
and  involves  harmony  in  engineering  plans  to  bring  it  abotii. 
The  prime  point  is,  that  electrification  allows  a  choice  of  moti^'e 
power  which  will  most  effectually  serve  the  purposes  of  the  par- 
ticular terminal  conditions. 

It  would  be  palpably  absurd  to  assert  that  no  standards  exist 
in  steam  locomotive  practice  because  Atlantic  type.  Pacific  type. 
Mallet  articulated  and  other  types  of  locomotives  are  in  conun^' 
service  in  different  parts  of  the  country,  where  different  condi- 
tions are  to  be  met.     I  presume,  in  fact,  that  electric  nioti\t 
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power  has  come  nearer  uniformity  in  standards,  yotmg  as  electric 
service  is,  than  practice  with  steam  motive  power  has  yet  at- 
tained. The  flexibility  of  electrical  equipment  is  illustrated  by 
the  capability  of  the  New  Haven  motors  and  controlling  devices 
to  operate  successfully  and  alternatively  over  the  New  Haven's 
own  lines  with  its  11,000  volt  alternating  current  delivered  to 
the  contact  shoe  by  trolley  wire,  and  over  the  New  York  Cen- 
tral's lines  with  its  700- volt  direct  current  delivered  to  the  con- 
tact shoe  by  third-rail.  An  argument  against  electrification  on 
the  ground  that  standards  and  conditions  of  interchangeability 
are  not  being  or  cannot  be  provided  where  they  are  needed  is 
obviously  untenable. 

The  only  open  question  about  electrification,  i,e.,  whether  the 
improved  service  which  is  inherent  with  it  can  be  established  and 
provided  without  enhancing  the  present  cost  of  service,  is  not 
answered  in  Mr.  Murray's  paper,  or  wholly  in  Mr.  Wood's 
paper;  and  rumors  regarding  the  fiscal  achievements  of  the  im- 
portant electrification  projects  operating  in  various  parts  of 
the  world  are  not  sufficient  bases  to  afford  conclusions.  It  is 
obvious  that  steam  operated  trunk  lines  of  light  traffic  and  unim- 
portant terminals  are  not  at  the  present  time  reasonable  candi- 
dates for  electrification,  and  the  open  question,  therefore,  re- 
lates to  important  terminal  centers  and  to  trunk  lines  and 
Suburban  lines  with  reasonably  dense  traffic.  A  number  of  good 
clues  to  the  answer  to  this  question  are  already  available  from 
papers  which  have  been  read  before  this  Institute.  Good  clues 
are  further  available  in  the  continued  satisfaction  given  by  the 
electric  operation  of  certain  of  the  Italian,  Swiss,  and  French 
railways  (some  of  them  doing  both  freight  and  passenger  busi- 
ness), besides  the  two  or  three  in  England,  the  reports  that  have 
as  yet  been  made  public  regarding  the  fiscal  success  of  the  West 
Jersey  &  Seashore  and  Long  Island  Railroad  electrifications,  the 
St.  Clair  Timnel  installation,  and  perhaps  others,  in  addition 
to  the  very  persuasive  example  put  forward  by  the  New  York, 
New  Haven  &  Hartford  railroad  in  planning  extensions  of  their 
existing  electrification,  with  which  they  have  had  several  years 
experience  and  with  which  they  appear  well  satisfied. 

It  is  to  be  further  observed  that  fiscal  comparisons  between  the 
New  Haven  electrification  and  its  well  systematized  steam 
locomotive  service  probably  cannot  yet  be  flatly  made.  The 
electrification  has  only  recently  emerged  triumphant  from  the 
pains  of  a  developing  system  to  a  point  where  Mr.  Murray  is 
prepared  to  say  that  it  operates  under  commercial  conditions. 
Somewhat  the  same  is  true  of  the  New  York  Central  &  Hudson 
River  Railroad  installation.  Indeed,  both  of  these  installa- 
tions are  operated  tmder  the  expensive  conditions  imposed  by 
reconstruction  work  going  on  at  the  New  York  terminal,  which 
must  temporarily  add  cost  to  the  handling  of  trains.  Under 
all  these  obstacles,  electrification  seems  to  have  "  made 
good." 
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N.  W.  Storer:  There  are  a  few  points  which  stand  out  in 
Mr.  Wood's  paper  that  I  should  like  to  refer  to  briefly: 

FirsL  The  excellent  showing  made  in  the  extremely  small 
number  of  detentions  due  to  the  motive  power,  as  compared 
with  those  due  to  other  causes.  The  fact  that  the  detentions 
due  to  motive  power  and  weather  conditions  together  amount 
to  only  8.38  per  cent  of  the  total  number,  shows  a  reliability  of 
the  service,  which  would  be  increased  but  little  if  all  of  the  delays 
due  to  motive  power  were  wiped  out  completely.  It  shows 
that  until  the  delays  due  to  general  traffic  conditions  can  be 
substantially  reduced,  it  is  useless  to  go  to  an  enormous  expense 
to  reduce  the  already  almost  negligible  delays,  due  to  motive 
power. 

Second.  The  data  showing  gradual  decrease  in  the  cost  of 
power,  indicating  what  can  be  done  by  scientific  management, 
is  certainly  most  encouraging.  I  discussed  this  matter  with  Mr. 
Wood,  who  stated  that  he  had  had  some  of  his  own  men  take 
charge  of  the  power  house  and  substations  operation,  with  an 
immediate  reduction  in  the  cost  of  operation  as  the  result.  The 
rotary  converters  in  the  substation  were  operating  practically 
all  of  the  time  in  the  earlier  days  of  operation,  and  much  of  the 
time  unnecessarily.  They  found  it  entirely  possible  to  shut  them 
down  a  good  part  of  the  time,  and  in  this  way  reduced  the  light 
load  losses,  thus  making  a  surprising  difference  in  the  power 
consumption. 

Third.  There  are  some  points  in  connection  with  the  opera- 
tion of  trains  also  tending  to  increase  the  power  consumption 
which  should  be  noted,  one  of  which  is  the  number  of  brake  shoes 
that  are  worn  out.  In  the  year  1910  we  note  that  there  were 
6300  brake  shoes  changed.  It  would  be  interesting  to  learn 
how  many  kw-hrs.  were  required  to  wear  them  out.  One  cannot 
help  calling  attention  to  the  advantage  in  introducing  the 
coasting  time  clock  or  some  similar  meter  system,  which  will 
tend  to  increase  the  amount  of  coasting  time,  and  therefore  to 
reduce  the  speed  at  which  the  brakes  are  applied,  and  finally 
decrease  the  wear  on  the  brake  shoes  and  the  power  consump- 
tion. If  brakes  are  applied  when  the  cars  are  nmning  at  a  speed 
of  50  miles  per  hour  they  must  absorb  practically  four  times 
as  much  energy  as  they  would  at  25  miles  per  hour,  and  it  is 
probable  that  four  times  as  much  brake  shoe  will  be  worn  off. 
A  reduction  in  the  speed  at  which  the  brakes  are  applied  in 
ordinary  operation  will  therefore  effect  a  great  reduction  in  the 
number  of  brake  shoes,  as  well  as  in  the  amotmt  of  power  con- 
sumed. 

In  discussing  this  paper,  I  think  some  of  the  speakers  have  gone 
out  of  their  way  to  make  imfavorable  comparisons  between  the 
costs  of  maintenance  of  trolley  and  third  rail.  The  advocates 
of  any  overhead  trolley  system  might  well  be  alarmed  if  the 
costs  of  maintenance  given  in  this  paper  were  characteristic  of 
all  the  overhead  trolleys,  but  fortunately  such  is  not  the  case. 
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The  idea  that  we  gather  from  the  paper  is  that  multiple  unit 
trains  with  wheel  trolleys,  operating  under  certain  conditions, 
at  high  speed,  over  a  rigid  cross-span  construction,  are  very 
destructive  to  the  overhead  system.  Anyone  who  is  at  all 
familiar  with  the  cost  of  maintenance  of  the  overhead  trolley 
system  of  an  ordinary  interurban  line  would  know  at  once  that 
the  cost  of  $440  per  mile,  as  given  in  this  paper,  is  extremely 
abnormal.  Wheel  trolleys  are  made  at  the  present  time  that  will 
operate  safely  at  high  speeds  on  a  good  overhead  construction. 
The  roller  pantagraph,  as  well  as  the  sliding  pantagraph,  will 
also  operate  well.  The  roller  is  now  used  quite  extensively  on 
the  Pacific  Coast,  and  with  success.  The  use  of  such  a  trolley 
would  unquestionably  practically  wipe  out  the  cost  of  main- 
tenance of  the  overhead  trolley  wire,  as  well  as  some  of  the 
numerous  delays  noted.  The  cost  of  the  maintenance  of  the 
third  rail  is  very  reasonable — in  fact,  is  lower  than  most  third 
rail  systems,  because  it  is  of  the  simplest  form  used.  It  is  a 
good,  substantial  third-rail  construction,  but  it  is  not  protected, 
and  this  fact  decreases  the  cost  of  maintenance. 

I  am  very  sorry  Mr.  Katte  did  not  give  us  the  cost  of  main- 
tenance of  the  New  York  Central  third  rail  system.  This 
is  practically  the  best  protected  system  at  present  in  use, 
and  some  information  in  regard  to  the  cost  of  maintenance  would 
be  very  illuininating.  I  do  not  recall  that  any  figures  have  ever 
been. published  in  regard  to  this,  and  I  am  sure  that  such  informa- 
tion would  be  very  valuable  to  many  members  of  the  Institute. 

After  reading  Mr.  Murray's  ]:aper,  I  am  more  than  ever  im- 
i:resscd  with  the  thought  that  if  the  events  of  the  last  twq.  years 
have  shown  anything,  they  have  shown  the  unwisdom  of  making 
such  dire  prophecies  as  were  freely  made  at  the  time  the  single- 
phase  system  was  installed  on  the  New  York,  New  Haven  & 
Hartford  Railroad.  It  seems  to  me  that  any  system  which  has 
so  many  advantages  and  possibilities  as  the  single-phase  system 
should  have  the  united  efforts  of  all  engineers  concerned  in  de- 
veloping them  at  the  earliest  possible  moment. 

Now  in  regard  to  this  question  of  standardization.  I  believe 
that  both  Mr.  Murray  and  Mr.  Fritch  are  right — ^we  must  have 
some  degree  of  standardization  before  the  great  work  of  elec- 
trifying railways  goes  much  further,  and  this  can  only  be  ac- 
complished by  getting  together.  I  do  not  mean  to  say  by  this 
that  we  must  immediately  unite  on  the  single-phase  system  for  all 
future  work,  but  I  mean  that  an  effort  must  be  made  to  get  the 
most  out  of  each  system  that  is  proposed.  I  wish  it  understood 
in  this  connection  that  I  am  not  prejudiced  in  favor  of  the 
single-phase  system.  I  am  personally  engaged  in  the  develop- 
ment of  designs  and  the  manufacture  of  apparatus  for  operating 
on  all  of  the  different  railway  systems,  and  in  that  way  am 
making  every  effort  to  make  the  best  out  of  each  one  of  them. ' 
I  have  advocated  in  the  past,  and  am  still  advocating,  the 
single-phase  system  for  use  in  certain  places,  but  have  never 
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ceased  to  believe  that  the  apparatus  designed  for  the  600-volt 
direct  current  system  is  the  standard  for  reliability.  Having 
had  a  wide  experience  with  all  systems,  I  feel  that  I  can  give 
an  unbiased  opinion.  All  I  wish  is  to  see  the  best  system 
adopted.  We  must  have  a  certain  amount  of  standardization, 
especially  for  cities  like  Chicago,  where  the  motive  power  must 
necessarily  be  interchangeable  on  all  of  the  roads,  and  we  engi- 
neers should  get  together  very  soon  and  get  something  settled. 
I  want  to  emphasize  the  point  Mr.  Mturay  has  made  in  re- 
gard to  the  advantage  of  the  electric  locomotive  for  switching 
service — a  service  in  which  it   has   been    used   comparatively 


Fig.  1 

little.     It  is  ideal  for  that  class  of  work,  and  certainly  will  be 
used  a  great  deal  in  the  near  future. 

At  the  time  the  passenger  locomotives  now  in  use  on  the 
New  Haven  Railway  were  built,  both  the  railway  company  and 
the  manufacturers  of  the  locomotives  were  severely  criticized 
because  of  the  weight,  and  the  fact  that  it  was  necessary  to  use 
two  locomotives  for  hauling  the  heavier  trains.  This  matter  of 
course  has  been  explained  many  times.  I  mention  it  only  to  call 
attention  to  the  improvements  which  have  been  made  since  the 
first  installation,  in  the  capacity  and  weight  of  locomotives.  In 
my  discussion  of  Mr.  Miuray's  paper  at  Toronto,  I  mentioned 
the  new  type  of  locomotive  which  has  been  built  for  the  New 
Haven  Company.  It  has  quite  radical  electrical,  as  well  as 
mechanical,  features.     The  general  view  of  this  locomotive  is 
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given  in  Fig.  1.  It  is  sometimes  called  a  "  double  Mallet  type  " 
from  its  peculiar  truck  arrangement,  but  it  has  been  properly 
christened  the  **  Colonial  type  ".  Each  driving  axle  is  operated 
by  a  pair  of  motors,  which  are  mounted  rigidly  on  the  frame 
of  the  locomotive,  directly  above  the  axle,  and  are  geared 
to  a  quill  surrotmding  the  axle.  The  quill  drive  is  exactly 
the  same  as  shown  for  the  071  locomotive  in  Mr.  Murray's 
paper,  but  there  is  only  one  gear  required  where  two  are  neces- 
sary for  the  single  large  motor  shown  on  the  071  locomotive. 
It  is  a  strange  thing  that  for  single-phase  work  at  any  rate  two 
motors  of  a  certain  total  capacity  can  be  made  lighter  and 
cheaper  than  a  single  large  motor  of  the  same  capacity.  We 
have  therefore  applied  two  small  motors  here,  where  on  the 
071  locomotive  one  motor  is  used.  This  design  has  the  fol- 
lowing advantages: 

First.  Coupling  two  small  motors  permanently  in  series 
gives  the  effect  of  a  high  voltage  motor.  This  reduces  the 
sizes  of  cables  and  control  losses  on  the  locomotive. 

Second.  Only  one  gear  is  required  where  two  would  be 
necessary  with  the  single  large  motor  developing  the  same 
tractive  effort.  Both  pinions  on  the  small  motors  drive  the  same 
gear.  This  reduces  the  weight  very  materially,  and  also  the 
expense  of  installation. 

Third.  The  small  motors  are  much  better  adapted  to  the 
space  between  the  wheels  than  a  large  motor,  because  the  only 
way  to  increase  the  capacity  of  the  motor  is  to  increase  its 
diameter,  and  when  it  becomes  necessary  to  use  twin  gears  for  a 
large  motor,  the  space  available  between  the  wheels  for  the 
motor  itself  is  very  much  reduced,  and  consequently  the  diameter 
and  weight  must  be  greatly  increased.  It  must  be  noted  that 
the  total. number  of  running  parts  in  the  motors,  i.e.,  commutator 
bars,  brushes,  brush  holders,  poles,  etc.,  are  practically  the  same 
whether  one  motor  is  used  or  two.  There  will  therefore  be  no 
more  possibilities  for  trouble  developing  in  the  two  motors 
than  there  are  for  one,  and  cost  of  repairing  the  small  motor 
is  very  much  less  than  making  similar  repairs  on  the  large  motor. 

Fourth.  The  control  equipment  itself,  on  accotmt  of  having 
a  higher  voltage,  is  simpler  and  cheaper. 

The  weight  of  the  locomotive  as  shown  is  116i  tons,  and  will 
develop  continuously  a  tractive  effort  of  12,000  lbs.  at  35  to  40 
miles  per  hour.  It  will  also  be  used  for  hauling  heavy  passenger 
trains  up  to  speeds  of  50  miles  per  hour.  The  weight  as  given 
includes  the  complete  steam  boiler,  water  tank,  and  direct  current 
control  equipment.  With  these  parts  removed,  the  weight  would 
scarcely  exceed  108  tons,  showing  that  a  very  substantial  gain 
has  been  made  in  the  design  of  the  single-phase  electric  locomo- 
tives, since  the  first  ones  were  introduced.  This  machine  wUl 
haul  the  heaviest  train  on  the  New  Haven  Railroad,  whether  it 
be  a  1500-ton  freight  or  an  800-ton  passenger  train,  and  will 
develop  a  good  speed  with  either. 
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The  mechanical  design  of  the  locomotive  is  also  quite  novel. 
The  two  middle  pairs  of  drivers  form  a  rigid  wheel  base,  and  an 
outer  driver  with  its  pony  axle  forms  another  rigid  wheel  base, 
which  leads  the  locomotive.  The  deep  plate  frames  are  entirely 
outside  of  the  axles,  and  are  connected  at  the  ends  by  heavy 
bumper  girders,,  the  bump  being  transmitted  to  them  through 
the  leading  truck  frame.  The  entire  construction  of  the  loco- 
motive lends  itself  to  lightness,  as  well  as  strength,  and  we 
expect  to  hear  some  excellent  reports  on  the  performance  of 
this  locomotive. 

John  W.  Lieb,  Jr.:  Considerable  has  been  said  about  the 
importance  of  power  hous6  operation  in  connection  with  the 
electrification  of  trunk  line  railroads,  and  I  hope  I  may  add  a  mite 
to  the  discussion  in  that  particular  direction.  The  power  station 
companies,  companies  distributing  light  and  power  in  our  big 
cities,  such  as  the  companies  in  Chicago,  New  York,  and  similar 
communities,  are,  I  need  hardly  say,  desirous  of  getting  that 
business.  We  are  not  very  much  interested  in  the  question 
whether  the  roads  operate  at  three-phase  or  single-phase,  or  by 
the  direct-current  system,  provided  we  can  get  the  current  supply 
to  them.  That  is  selfish,  I  will  admit,  but  it  is  also  business, 
and  it  is  in  the  line  of  the  economical  development  of  electric 
power.  We  would,  however,  urge  on  this  question  of  standard- 
ization, that  it  is  of  immense  importance  to  the  companies 
embarking  on  this  question,  to  be  able  to  exchange  current  with 
the  local  large  supply  source,  and  therefore,  I  was  much  pleased 
with  Mr.  Murray^s  plea  for  25-cycle  generation,  even  in  the  case 
of  alternating  current  systems. 

Now,  we  who  are  engaged  in  the  lighting  and  power  distribu- 
tion business  believe  that  we  can  be  of  immense  assistance  in 
hastening  this  electrification  problem,  because  one  of  .the  great 
difficulties  is  the  immense  investments  that  are  required  in  ac- 
complishing this  electrification;  but  if  the  terminal  companies 
and  the  railroad  companies  can  feel  that  they  can  obtain  their 
power  supply  at  a  cost  certainly  not  to  exceed  what  it  would  cost 
them,  and  save  that  enormous  element  of  investment,  which  the 
local  lighting  and  power  companies  are  ready  to  supply,  we  be- 
lieve that  we  have  contributed  at  least  one  important  element 
toward  hastening  this  consummation. 

I  need  hardly  make  a  plea  here  for  combination  service,  as 
between  railway  service  and  lighting  and  power  service,  but  I 
will  say  this — that  a  careful  study  of  the  times  of  peak  load  be- 
tween lighting  and  power  systems  shows  the  immense  eco- 
nomical advantages  which  may  accrue  through  a  combination 
of  these  services,  not  only  in  the  enormous  saving  of  investment 
which  will  come  even  by  so  small  a  difference  of  maximum  loads 
at  peaks,  of  a  difference  in  time  of  fifteen  minutes  between  the 
railway  and  lighting  peaks,  which  in  the  case  of  power  plants  of 
100,000  kw.  or  more  may  rejircsent  a  saving  in  investment  of 
1,000  or  1,500  kw.,  but  als.o  in  the  very  greatly  improved  load 
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factor  which  results  from  this  diversity  factor,  and  we  all  know 
what  an  important  place  the  load  factor  has  in  the  central 
station  power  cost  economy. 

Something  has  been  said  about  storage  batteries,  and  I  would 
like  to  say  a  word  as  to  that,  and  that  is  of  the  vital  necessity 
which  the  storage  battery  is  to-day  in  this  question  of  abso- 
lutely certain  continuity  of  service.  I  am  frank  to  say  that  I 
believe  our  very  large  power  systems,  certainly  those  for  the 
distribution  of  light  and  power,  have  a  record  for  continuity  of 
service  which  they  would  not  have,  and  it  would  be  practically 
impossible  to  maintain  such  a  record,  without  the  assistance 
of  the  storage  battery. 

It  is  true  that  the  conditions  of  battery  operation  have  greatly 
changed  in  the  past  few  years.  We  have  departed  from  the 
idea  and  necessity  for  using  the  battery  for  large  current  output, 
for  continuous  use,  or  the  idea  that  in  order  to  keep  batteries  in 
live  condition  they  must  be  charged  and  discharged  at  minimum 
intervals,  say  once  a  week,  or  several  times  a  month.  We  are 
satisfied  now  that  we  can  obtain  and  maintain  batteries  in  per- 
fectly healthy  condition  by  using  them  simply  as  a  reserve,  as  an 
insurance,  and  for  this  purpose  their  value  is  simply  inestimable. 
They  play  today  an  immense  part  in  central  station  economy, 
and  by  having  the  railroads  install  their  own  batteries  to  assist 
in  the  distribution  end  especially,  of  course,  with  direct  current, 
they  will  be  able  to  bear  with  the  local  lighting  companies  the 
incidental  economies  and  advantages  which  come  from  reducing 
peak  demands. 

I  would  like  to  make,  therefore,  an  urgent  plea  for  a  settle- 
ment on  this  question  of  combined  service,  believing  that,  first, 
it  will  assist  in  the  economical  solution  and  hastening  of  this 
electrification  problem,  and  secondly,  because  of  the  enormous 
advantages  which  will  accrue  to  both  the  railway  and  lighting 
companies  in  the  adoption  of  combined  service. 

In  this  particular  field,  I  cannot  hesitate  for  the  moment  it 
takes,  to  give  the  praise  which  should  be  due  to  this  great  in- 
stitution, the  Commonwealth  Edison  Company,  in  having  been 
the  leaders  in  this  enormously  important  field,  and  having  made 
practical  demonstrations  on  a  large  scale  of  the  advantages  which 
were  likely  to  accrue,  and  which  do  certainly -accrue,  from  this 
combination  of  service. 

Charles.  F.  Scott:  I  would  like  for  a  moment  t^o  compare  the 
difference  in  the  discussion  of  the  railway  question  in  the  In- 
stitute a  few  years  ago  with  the  discussion  to-day.  At  the 
Great  Harrington  meeting,  held  nine  years  ago,  there  were  many 
railway  papers  presented,  and  many  prominent  engineers  took 
part  in  the  discussion  of  these  papers.  I  have  run  through  the 
proceedings  of  that  meeting  very  carefully,  and  the  one  urgent 
question  in  the  minds  of  all  was  this — How  can  we  operate  elec- 
tric railways  by  supplying  alternating  current  directly  to  the  car 
or   locomotive?     And   the   solution   which   they   thought   ap- 
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parently  impossible  was — '*  Where  shall  we  get  a  motor?  If 
we  had  a  single  phase  alternating  current  motor  the  difficulty 
wotdd  be  solved.'*  A  few  months  later  was  presented  the  paper 
proposing  that  motor.  About  five  years  later  one  of  the  most 
important  railways  in  the  country  began  operations  imder 
certain  handicaps.  The  work  was  undertaken  very  quickly, 
the  locomotives  had  to  be  designed  and  put  in  operation  in  a 
short  time,  there  was  not  available  the  ten  years  which  direct 
current  had  for  its  development,  and  they  had  the  handicap  of 
operating  both  by  alternating  current  and  direct  current;  nor 
was  the  motor  the  whole  problem,  for  the  line  question,  the 
switch  question,  and  the  generator  question,  came  in  as  even  more 
important  than  the  motor  in  practical  operation. 

We  have  heard  with  great  interest  of  very  interesting  tests 
which  were  made  here  in  Chicago  on  switches,  on  a  system  on 
which  short  circuits  were  rare,  where  the  high-tension  circuits 
are  protected  in  cables  underground.  On  the  New  Haven  sys- 
tem, with  100  miles  of  trolley  wire  in  railway  service,  where 
short  circuits  were  more  or  less  frequent,  with  a  generating 
capacity  greater  than  in  the  tests  here  made,  the  solution  had  to  be 
worked  out  while  the  railway  was  operating.  That  is  one  ex- 
ample of  the  kind  of  problems  that  come  up  in  large  work  in  a 
new  field.  Now  we  know  that  the  alternating  current  will 
operate  satisfactorily,  and  it  is  a  choice  between  systems.  The 
manufacturing  companies  have  done  their  part,  they  put  hun- 
dreds of  thousands  of  dollars  into  this  development.  The  prob- 
lem has  been  crystallizing  into  a  matter  of  operation.  What 
are  the  operating  conditions?  What  are  the  things  which 
cannot  be  determined  in  the  designing  room  or  testing  room  of 
the  manufacturing  companies?  The  papers,  such  as  are  now 
presented,  give  records  and  facts  which  present  to  all  the  prob- 
lem which  must  be  worked  out,  jointly,  by  manufacturers,  con- 
sulting engineers  and  railway  men — what  are  the  conditions  of 
operation  and  how  can  they  be  met  and  by  what  system?  Do 
we  want  to  standardize?  Yes,  we  want  to  standardize  as  rapidly 
as  we  are  store  of  our  ground,  but  we  want  to  leave  open  the 
opportunities  for  development.  Several  of  these  developments 
were  suggested  this  morning — a  mercury  rectifier,  the  induction 
motor  operating  from  single  phase,  and  these,  I  believe,  have  been 
the  only  things  looked  forward  to  in  the  future.  But  these,  as 
well  as  the  single-phase  motor,  will  all  operate  from  the  single- 
phase  trolley,  so  that  the  single-phase  system,  as  a  general 
railway  system  leaves  them  open  for  adoption  in  the  future.  It 
is  significant  that  Mr.  Murray,  who  is  in  the  best  position  to 
know  the  difficulties  in  operating  a  single-phase  road,  is  the  man 
who  is  loudest  in  its  praise. 

Frank  J.  Sprague:  I  have  heard  the  few  remarks  made  by 
Mr.  Storer  and  also  the  statement  by  Mr.  Murray.  I  have 
avoided  all  reference  to  overhead  or  third-rail  matters  in  yards, 
advocating  neither  the  one  or  the  other  in  the  brief  remarks  I 
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have  made.  The  overhead  construction  shown  by  Mr.  Murray 
is  equally  applicable  for  direct  current  or  single-phase  current 
operation,  so  if  that  in  his  opinion  is  the  determining  feature,  I 
am  glad  of  it. 

Mr.  Storer  intimated  that  in  passing  comments  on  Mr. 
Wood's  paper  I  made  some  invidious  comparison  between  the 
upkeep  of  the  third-rail  and  the  overhead  structure  on  the  West 
Jersey  &  Seashore  road,  and  that  I  might  have  taken  the 
trouble  to  speak  of  the  local  conditions.  I  do  not  know  what  the 
local  conditions  are.  I  took  the  paper  and  gave  the  relative 
costs  of  third-rail  or  overhead  trolley  upkeep  simply  as  in- 
cidental facts. 

E.  F.  W.  Alexanderson:  There  is  one  phase  of  the  subject  of 
trunk  electrification  to  which  I  wish  to  call  attention.  Mr. 
Murray  has  referred  to  the  same  by  making  the  statement  that 
the  system  was  laid  out  with  the  consideration  in  view  that  the 
traction  work  at  some  later  time  would  be  done  by  induction 
motors. 

Whether  it  should  be  considered  as  imfortunate  or  not,  it  is  a 
fact  that  the  development  of  the  alternating  current  motive 
power  for  railroad,  has  been  in  opposite  direction  to  the  cor- 
responding development  for  industrial  and  mining  enterprises. 
The  alternating  current  distribution  system  is  admittedly  un- 
rivaled and  the  use  of  the  same  is  supported  by  the  undisputed 
superiority  of  the  induction  motor  for  all  purposes  where  such 
motors  can  be  used.  From  the  fundamental  system  of  power 
supply  by  induction  motors  has  grown  up  a  number  of  special 
developments  like  the  single  phase  induction  motor,  the  single 
phase  commutator  motor,  and  the  polyphase  commutator 
motor.  A  campaign  has  been  going  on  for  several  years  for 
exploiting  inventions  along  these  lines,  and  to  define  the  special 
requirement  where  an  induction  motor  cannot  be  used  to  ad- 
vantage in  order  to  find  application  for  special  apparatus  in  order 
to  meet  those  requirements.  All  those  machines  are  expensive 
and  objectionable  in  many  ways  compared  with  the  induction 
motor,  but  the  field  that  must  be  covered  by  such  machines  is 
small  compared  with  the  general  application  of  induction  motors, 
^  so  that  the  use  of  such  machines  is  not  considered  as  an  argu- 
'  ment  against  alternating  current  systems. 

In  alternating  current  practice  the  development  has  been  the 
opposite.  The  most  difficult  problem  has  been  attempted  to 
begin  with  and  has  been  furthermore  complicated  by  the  re- 
quirement that  the  a-c.  equipment  should  also  be  operative 
on  direct  current.  The  result  is  that  the  a-c.  traction  system  has 
been  largely  discredited.  If  the.  development  had  been  the 
opposite,  if  the  three-phase  induction  motor  had  gained  an 
established  right  in  the  railway  field,  if  then  the  single-phase 
distribution  had  superseded  the  three-phase,  yet  maintaining 
the  constant  speed  induction  motor,  and  finally  the  commutator 
had  been  introduced  for  such  special  conditions  of  traction  where 
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the  variable  speed  characteristics  are  valuable  enough  to  warrant 
a  higher  expenditure,  then  the  various  problems  of  railroad 
electrification  might  have  appeared  in  a  quite  different  light. 

In  view  of  Mr.  Murray's  statement,  it  is  gratifying  to  see  that 
he  has  already  considered  the  possibility  that  a  development  of 
the  motive  equipment  might  be  started  over  again  on  a  more 
sotmd  basis.  It  might  be  premature  to  predict  that  all  the 
traction  work  imder  Mr.  Murray's  supervision  could  be  carried 
out  by  induction  motors,  but  I  feel  confident  that  the  larger 
part  of  it  could,  with  a  greatly  reduced  expenditure  both  in  first 
cost  of  equipment  and  in  maintenance. 

Philip  Dawson  (by  letter) :  I  entirely  agree  with  the  paragraph 
in  the  commencement  of  Mr.  Miuray's  paper,  in  which  he  states 


liAxx^ygy'^s^ 


Wandsworth  Road 


that  the  religion  of  his  paper  is  to  preach  the  doctrine  of  universal 
use  of  the  single-phase  current  on  trunk  lines  and  roads  inclusive  of 
terminal  territory,  as  applied  to  freight  and  passenger  operation. 
The  experience  I  now  have  in  connection  with  the  electrifi- 
cation of  the  Brighton  Railway  which  is  equivalent  to  the  equip- 
ment of  over  60  miles  of  single  track,  (a  large  portion  of  which 
has  been  running  since  the  beginning  of  1909)  has  convinced  me 
that  there  is  now  no  longer  any  doubt  that  the  single-phase 
system  is  at  least  as  good  as  the  continuous  current  system  for 
operating  suburban  traffic  requiring  rapid  acceleration,  and  with 
short  distances  between  stopping  places.     This  having  been 
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demonstrated  by  actual  experience,  there  could  be  no  doubt  that 
for  the  electrification  of  any  of  the  main  line  railways,  the 
only  system  which  could  be  considered  is  the  single-phase  one. 
No  one  I  think  denies  that  for  long  distance  work  the  single 
phase  is  the  only  solution.  The  contention  of  those,  who  through 
thick  and  thin  uphold  the  continuous  current,  is,  that  for  short 
distance  work  the  continuous  current  is  far  superior  to  alter- 
nating, and  that  therefore  it  should  be  used  for  this  class  of 
service,  and  that  when  long  distance  work  becomes  necessary,  the 
single  phase  system  should  be  installed  in  addition  to  it. 

It  may  be  interesting  to  know  that  we  have  had  practically 
no  troubles  or  serious  inconvenience  of  any  kind    since    we 


Leighah  Junction 


started  service  in  1909  and  that  with  the  multiple  unit  trains 
the  average  annual  mileage  per  motor  coach,  including  all  our. 
spares,  and  those  which  are  being  overhauled,  was  last  year 
over  58,000  miles. 

.  Our  average  speed  with  stations  three-quarters  of  a  mile  apart, 
is  25  miles  per  hour.  The  line  consists  of  nothing  but  curves 
and  gradients  and  at  the  start,  out  of  Victoria  station,  we  have 
a  gradient  of  one  in  64  for  over  a  quarter  of  a  mile. 

Besides  this  we  have  five  sections  where  overhead  conductors 
are  connected  to  earth  which  thus  seriously  interfere  with  ac- 
celeration; one  of  these  dead  sections  being  just  at  the  foot  of 
the  gradient  out  of  Victoria  station.     Our  average  acceleration 
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throughout  the  whole  period  of  acceleration  from  0  to  about 
35  miles  an  hour  is  one  mile  per  hour  per  second. 

We  wished  we  could  increase  this  by  increasing  the  size  of 
motors  and  the  capacity  of  the  power  station;  experience, 
however,  has  shown  that  the  acceleration  I  originally  selected 
is  suflBcient,  and  the  increase  in  traffic  since  electrification  started 
has  been  over  150  per  cent  and  it  is  still  increasing.  This  is  a 
very  important  fact  particularly  if  we  consider  that  the  South 
London  line  is  intersected  and  paralleled  by  a  very  large  number 
of  electric  tramways,  that  the  saving  in  time  is  only  about 
10  minutes,  and  that  the  fares  on  the  electric  railways  are  nearly 
double  those  on  the  tramways. 


N 


y 


Wandsworth  Common 


In  connection  with  the  experience  which  has  been  obtained 
with  continuous  current  electric  railways  and  single  phase  ctirrent 
electric  railways,  there  is  no  one  who  has  greater  right  to  speak 
than  Mr.  Wittefeld,  the  Chief  Engineer  of  the  Prussian  Govern- 
ment Railways.  He  has  constructed  and  operated  both  con- 
tinuous-current and  single-phase  railways.  The  continuous- 
current  is  one  in  Berlin  going  to  Lichterfelde  and  worked  by 
most  up-to-date  continuous-current  apparatus  and  having  very 
heavy  suburban  traffic.  The  single-phase  line  is  that  at  Ham- 
burg, both  having  now  been  worked  for  some  years,  and  Mr. 
Wittefeld  is  the  only  engineer  and  railway  official  I  know  who 
has  this  dual  experience  at  his  disposal. 
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His  letter  addressed  to  me  in  connection  with  my  paper  before 
the  Institute  of  Civil  Engineers  states: 

**  Your  satisfactory  experience  regarding  single-phase  traction 
for  working  surburban  lines,  entirely  agrees  with  ours  on  the 
Blanknese  line.  It  can  no  longer  be  doubted,  in  accordance 
with  my  own  personal  experience,  that  for  suburban  electrifica- 
tion the  single  phase  system  is  at  least  as  good  as  the  continuous 
current  system.  The  experimental  restSts  for  long  distance 
traffic  with  very  heavy  as  well  as  fast  trains  on  the  section 
Dessau  Bitterfeld  on  this  system  have  been  most  satisfactory. 
The  large  electric  locomotives  driven  by  connecting  rods  have 
stirpassed  all  expectations.  It  is  now  my  unshakable  decision 
that  the  single  phase  system  with  the  experience  we  have  now 
gained,  is  the  only  system  which  can  generally  be  used  for  elec- 
trification of  main  line  railways.  No  experienced  railway  engi- 
neer, who  wishes  to  be  considered  far  sighted,  can,  I  think,  come 
to  any  other  concltision." 

Besides  the  above,  Dr.  Wyssling,  who  was  head  of  the  Swiss 
Commission  appointed  to  investigate  the  question  of  railway 
electrification,  also  wrote  to  me  in  connection  with  my  paper. 
He  said,  **  That  according  to  his  conclusions  and  that  of  his 
committee  the  single  phase  system  is  the  one  which  is  most  suit- 
able for  heavy  railway  electrification,  because  the  transmission 
and  contact  system  is  the  simplest,  because  of  the  great  variations 
in  speed  possible,  and  because  it  is  the  cheapest  to  install." 

I  am  sending  three  views  of  the  line  which  may  be  of  interest. 

W.  N.  Smith  (by  letter) :  As  matters  are  now  in  the  trunk  line 
electrification  field,  installations  upon  a  large  scale  are  so  few, 
that  Mr.  Murray  is  in  the  unique  position  of  having  had  more 
practical  experience  than  almost  any  other  engineer  in  his 
special  field — ^which  gives  him  a  distinct  advantage  over  his 
critics,  both  past  and  present. 

This  installation  in  general  is  an  illustration  of  the  principle, 
that  in  any  new  departure  the  engineer  can  expect  to  learn  a 
vast  deal  about  structural  and  operative  details  as  he  goes  along 
and  at  the  same  time  can  be  confident  of  being  generally  upheld 
by  results,  in  the  decisions  he  had  to  make  when  planning  the 
work. 

It  may  be  well  to  keep  in  the  foregrotmd  Mr.  Murray's  defini- 
tion of  a  trunk  line.  About  a  year  ago,  before  the  New  York 
Railway  Club,  he  defined  his  conception  of  a  trunk  line  as  "  A 
line  connecting  large  cities  which  are  separated  at  some  con- 
siderable distance.  The  portion  of  a  trunk  line  which  lies 
in  the  immediate  vicinity  and  the  outlying  districts  of  those 
cities  will  carry  upon  it  a  suburban  traffic." 

Without  criticising  this  conception,  it  might  easily  be  implied 
from  Mr.  Murray's  present  paper  that  he  considered  as  tnmk 
lines  only  such  roads  as  might  be  in  the  same  class  with  the 
New  Haven,  namely,  a  main  trunk  of  from  two  to  four  or  six 
tracks,  with  numerous  single  and  double  track  branches  or  net 
wo/ks  m^  3-  h^iavy  suburban  service.     It  is  a  well  known  fact 
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that  some  of  the  most  important  railroad  lines  connecting  the 
large  cities  of  the  country  are  single  track  lines,  partictilarly  in 
the  less  densely  settled  portion  of  the  cotmtry,  though  in  some 
sections  the  most  important  roads  are  making  progress  in  double 
tracking.  Nevertheless,  there  are  many  roads  that  are  not 
likely  to  double  track  for  at  least  one  more  generation,  and 
yet  are,  in  the  general  opinion  of  themselves  and  the  public, 
entitled  to  be  called  trunk  lines,  as  is  further  borne  out 
by  the  fact  that  all  rolling  equipment  upon  steam  railroads, 
whether. main  lines,  branches  or  otherwise,  is  interchangeable; 
and  so  far  as  structural  considerations  are  concerned,  trunk  line 
conditions  are  usually  conceived  to  include  branches  or  side 
lines,  whether  located  so  as  to  be  fit  for  electrification,  or  not; 
as  well  as  the  main  arteries  of  traffic  which  have  already  reached 
or  may  ultimately  reach  that  density  of  traffic  which  determines 
the  economic  suitability  of  electrification.  The  Spokane  & 
Inland  Empire  Line,  for  instance,  is  more  than  120  miles  long 
and  though  it  does  not  connect  Spokane  with  any  city  even  ap- 
proaching Spokane  in  size,  it  is  still  fitted  for  handling  standard 
trunk  line  equipment  and  actually  does  handle  railroad  freight 
trains  of  a  respectable  size  with  the  system  of  electrification 
advocated  by  Mr.  Murray,  though  at  lower  trolley  voltage. 
Its  peculiar  situation,  as  respects  cost  of  providing  power 
for  operating,  is  said  to  have  favored  the  adoption  of  electric 
motive  power,  as  distinct  from  considerations  of  traffic  density, 
thus  making  it  a  special  case.  It  would  not  be  called  a  main 
trunk  line,  for  instance,  in  comparison  with  the  Northern  Pacific; 
but  the  adoption  of  that  equipment  which  is  most  suitable  for 
long  lines  with  heavy  trains  brings  it  into  the  trunk  line  class,  so 
far  as  electrification  is  concerned. 

To  summarize,  it  seems  to  me  that  the  accomplishment  of 
trunk  line  electrification  is  broadly  determined,  first  of  all,  by  the 
general  characteristics  of  railroad  rolling  stock  used  for  trans- 
portation, and  in  a  secondary  degree  by  geographical  location. 

Mr.  Murray  states  that  the  criterion  of  financial  return  is 
**  how  much  it  costs  to  produce  the  necessary  tractive  effort  '* 
in  the  several  types  of  locomotive  mentioned.  The  writer  be- 
lieves that  this  statement  of  the  problem,  while  it  appeals 
to  one's  engineering  sense  as  probably  true,  is  still  so  vague  as 
not  to  carry  conviction.  Rightly  or  wrongly,  the  ton-mile  or 
the  car-mile  are  the  units  most  commonly  used  for  comparing 
transportation  performances — as  is  well  shown  by  Mr.  Murray's 
own  data.  It  seems  to  me  that  until  some  new  unit  is  invented 
which  will  more  correctly  express  the  desired  relationships,  the 
ton-mile  or  car-mile  should  be  used  as  explicitly  as  possible  in 
making  such  comparisons.  Annual  reports  of  the  largest  steam 
railroad  systems  commonly  include  a  great  deal  of  statistical 
information  that  is  or  can  be  referred  to  a  ton-mile  basis  for 
comparison,  and  the  present  Interstate  Commerce  classification 
enables  the  compilation  of  a  good  deal  of  interesting  information 
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regarding  the  various  costs  of  train  performances  per  ton-mile, 
if  one  w3l  take  the  trouble  to  dig  it  out  of  a  comprehensive  re- 
port. 

I  am  impressed  with  the  magnificent  performance  of  the 
New  Haven  system  as  regards  the  small  amount  of  train  delays; 
but  it  should  not  be  forgotten  that  this  particular  system  has 
four  tracks  and  an  arrangement  of  feeder  section  switches  on 
the  anchor  bridges  which  enables  sections  to  be  readily  isolated 
in  case  of  trouble,  thus  preventing  many  delays  providing  the 
trouble  is  discovered  soon  enough.  It  is  very  doubtful  whether 
any  single  track  line  with  an  equivalent  train  mileage  per  mile 
of  single  track  could  exhibit  such  a  clean  record,  as  the  difficulty 
of  reaching  and  remedying  trouble  without  interfering  with 
train  service  on  a  single  track  is  vastly  greater  than  on  a  4-track 
system.  The  high  grade  insulation  which  Mr.  Murray  advises 
to  be  used  as  the  cheapest  means  of  securing  satisfactory  trunk 
line  operation,  is  even  more  necessary  on  a  single  track  than  on  a 
4-track  trunk  line;  and  this  is  as  true  of  strain  insulators  as  of  the 
straight  line  insulators.  Mechanical  sufficiency  in  every  part 
is  equally  important  for  the  same  reason,  and  the  various  details 
mentioned  by  Mr.  Murray  as  constituting  distinct  meclianical 
improvements,  should  therefore  be  all  the  more  carefully  followed 
in  single  track  line  construction. 

Referring  to  Mr.  Murray's  remarks  on  storage  batteries  for 
trunk  line  electrification,  he  is  undoubtedly  correct  for  trunk 
line  electrifications  approaching  the  magnitude  of  the  New 
Haven  Railroad.  But  cases  have  arisen  in  the  past,  and  prob- 
ably will  from  time  to  time  in  the  near  future,  where  the  use 
of  a  storage  battery  offers  some  economic  advantages.  Here, 
again,  the  Spokane  &  Inland  Railway  furnishes  an  example  of 
trunk  line  electrification  under  special  conditions  which  made  a 
battery  adjimct  advisable,  even  with  the  extra  conversion  losses 
from  continuous  back  to  alternating  current  when  discharging. 
The  fact  that  the  current  for  this  system  is  generated  by  water 
power  will  go  far  to  explain  the  reason  for  the  adoption  of  the 
battery  in  this  instance. 

In  view  of  the  numerous  failures  of  the  early  types  of  storage 
battery  in  street  car  service  during  the  early  development  of 
electric  traction,  it  may  at  first  appear  idle  to  some,  to  even 
consider  the  possibilities  of  the  storage  battery  for  direct  pro- 
pulsion of  cars  in  trunk  line  work,  but  the  gradual  improvement 
in  reliability  that  the  lead  battery  has  developed  in  electric 
vehicle  service;  the  development  of  the  nickel-iron-potash 
battery  by  Mr.  Edison;  and  the  successful  application  of  both 
these  batteries  to  light  railway  work  during  the  past  year,  in 
New  York  City,  Philadelphia  and  Washington,  together  with  the 
successful  experiments  in  the  operation  of  branch  lines  of  the 
Long  Island  Railroad  and  the  Erie  Railroad,  each  of  which  now 
has  a  battery  car  in  operation,  all  indicate  that  we  are  not  yet 
at  the  end  of  our  resources  as  to  the  choice  of  an  electric  propul- 
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sion  system  for  at  least  some  types  of  steam  railroad  service. 
The  developments  of  the  past  year  have  been  on  a  small  scale, 
but  are  most  encotiraging,  and  indicate  that  if  both  electric 
tramway  and  steam  railroad  engineers  are  willing  to  reconsider 
their  previous  conceptions  as  to  design  and  weight  of  car  bodies, 
anti-friction  journal  bearings,  motor  capacities,  gear  drives,  and 
battery  maintenance,  in  connection  with  the  possibilities  which 
battery  car  propulsion  offers  in  the  production  or  purchase 
of  electric  power  at  a  high  load  factor,  (which  minimizes  power- 
station  or  sub-station  investment  and  operating  expense,  or 
enables  the  purchase  of  off-peak  power  at  minimum  rates),  they 
will  be  enabled  to  view  the  economics  of  heavy  electric  traction 
from  a  new  angle. 

This  applies  more  especially  at  the  present  time  to  electric 
trunk-line  branch  service;  the  next  step  will  be  in  the  direction 
of  battery  traction  for  suburban  service  at  moderate  speeds. 

The  more  recent  successes  of  storage  battery  traction  have 
been  largely  due  to  the  fact  that  the  cars  thus  far  constructed 
have  been  practically  built  around  the  battery,  and  are  of  very 
light  construction,  with  anti-friction  bearings,  thus  reducing 
both  the  tons  to  be  transported  and  the  pounds  per  ton  re- 
sistance of  the  car  joxunals.  The  writer  believes  that  the 
problems  to  be  solved  in  connection  with  the  development  of 
storage  battery  traction  for  trunk  line  branch  and  suburban 
service  are  much  more  of  a  mechanical  nature  than  electrical, 
and  reduce  ultimately  to  the  question  of  how  light  it  will  be 
possible  to  construct  a  car,  suitable  for  operation  on  steam 
railroad  tracks,  that  shall  be  regarded  as  sufficiently. strong  to 
insure  its  own  stability  and  the  safety  of  the  passengers  against 
all  shocks  that  can  reasonably  be  expected,  and  can  carry 
enough  battery  for  economical  operation  in  the  service  it  is 
desired  to  handle. 

These  questions  will  be  settled  by  the  judgment  of  railroad 
mechanic^  experts  and  will  doubtless  require  much  experimental 
working  out;  nevertheless,  I  believe  that  the  field  for  exercise 
of  ingenuity  in  this  line  will  be  cultivated,  though  it  may  be  a 
few  years  before  it  has  acquired  the  status  now  enjoyed  by  the 
several  typical  systems  involving  working  conductors.  The 
fact  that  power  in  any  necessary  quantity  can  now  be  purchased 
at  the  lowest  possible  rates  for  charging  battery  cars  during  those 
periods  of  the  twenty -four  hours  when  they  are  most  likely  to  be 
idle,  together  with  the  entire  abolition  of  working  conductors 
for  the  tracks,  which  eliminates  the  question  of  interchangeability 
of  different  working  conductor  systems,  constitute  arguments 
that  will  be  likely  to  appeal  to  steam  railroad  men.  Such 
possibilities  are,  of  course,  predicated  upon  the  assiunption  that 
the  storage  battery  of  the  future  will  prove  to  be  as  reliable  and 
subject  to  no  more  depreciation  per  car  mile  than  modem  types 
of  motors  and  generators.  Shotdd  this  development  eventually 
come  into  being,  and  should  steam  railroad  officers  permit  them- 
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selves  to  utilize  lighter  car  bodies,  we  will  then  have  available 
one  more  method  for  utilizing  electrical  apparatus  to  supersede 
the  steam  locomotive,  in  some  situations,  at  a  lower  first  cost  than 
is  possible  with  the  present  systems  of  instantaneous  trans- 
mission of  railway  power. 

Railroad  electnfication  is  at  the  present  time  much  desired 
by  the  public  at  more  than  one  large  terminal.  Whatever  sys- 
tem of  electrification  be  followed,  the  probability  is  that  the 
suburban  service  of  almost  any  railroad  would  be  the  first  to  be 
electrified,  thus  resulting  for  a  time  in  a  mixed  steam  and  electric 
system.  The  initial  electrical  equipment  must,  therefore,  op- 
erate in  some  degree  interchangeably  with  the  existing  steam 
equipment,  and  all  the  circumstances  surroimding  steam  opera- 
tion must  be  given  consideration  as  affecting  the  first  cost,  opera- 
tion, and  general  durability  of  the  proposed  electrical  equipment. 

Mr.  Murray  has  fulfilled  the  engineer's  function  of  getting  su- 
perlatively good  results  under  certain  difficult  conditions  with  the 
electric^  apparatus  now  available  for  such  work.  I  must  confess, 
however,  to  a  degree  of  caution  when  it  comes  to  declaring  the  state 
of  the  art  at  this  time  as  so  complete,  that  all  work  in  the  immediate 
future  should  be  based  upon  present  practice,  even  on  the  re- 
markable showing  made  by  the  New  Haven  Railroad  installa- 
tion. I  shall  not  be  surprised  if,  by  the  time  that  railroads  in 
general  are  able  to  pay  for  electrification  on  a  large  scale,  some 
methods  less  costly,  both  as  to  investment  and  daily  operation, 
will  have  been  devised  for  accomplishing  the  desired  results, 
especially  in  those  terminal  situations  where  the  need  for  steam 
railroad  electrification  is  now  most  pressing. 

B.  F.  Wood:  In  view  of  the  limited  time  at  my  disposal  I 
shall  confine  my  remarks  to  the  suggestion  made  by  Mr.  Lieb 
that  power  should  be  purchased  from  power  companies  rather 
than  generated  by  the  railroad  companies  at  their  own  plants. 

By  reference  to  the  table  showing  Cost  of  Construction  it 
will  be  noted  that  the  investment  in  power  station  and  trans- 
mission line  is  nearly  a  quarter  of  a  million  dollars.  With  this 
amount  included  the  net  earnings  during  the  year  1910  were 
sufficient  to  make  a  return  on  the  total  investment  for  electrifi- 
cation of  about  8i  per  cent.  If  power  could  have  been  purchased 
at  rates  prevailing  in  Chicago  for  such  service,  the  same  net 
earnings  would  have  shown  a  return  of  nearly  9i  per  cent  on  the 
lesser  investment  necessary;  showing  conclusively  that  the 
•power  station  is  not  earning  the  average  rate  of  return. 

At  the  time  of  the  electrification  of  the  West  Jersey  &  Seashore 
Railroad  it  was  not  possible  to  purchase  power  for  such  operation 
and  it  was  therefore  necessary  for  the  ra^oad  company  to  btuld 
its  own  power  station. 

Again,  the  rates  for  power  in  some  cases  have  not  been  based 
upon  the  cost  of  furnishing  the  service  but  have  been  fixed  with 
relationship  to  the  charges  for  other  service  differing  in  character 
and*in  a  good  many  cases  such  rates  have  been  prohibitive. 
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The  responsibility,  therefore,  for  the  railroad  companies  build- 
ing power  stations  rests  largely  with  the  power  companies  and 
if  they  are  to  take  over  this  business  they  must  fix  their  rates  on  a 
basis  that  will  give  a  return  on  investment  necessary  for  such 
service  and  not  on  the  average  cost  of  power. 

C.  P.  Steinmetz  (by  letter) :  Mr.  Murray's  paper  appears  to  me 
very  interesting  and  valuable  for  the  complete  information  which 
it  gives  on  the  practical  experience  of  a  number  of  years  opera- 
tion of  a  section  of  a  trunk  line  railway,  electrified  by  the  single 
phase  alternating  current  system. 

Especially  important  appears  to  me  the  conclusion  which 
Mr.  Murray  reached  as  the  result  of  actual  experience  of  several 
years  successful  operation,  that  25  cycles  is  the  proper  frequency 
for  railway  electrification.  This  entirely  agrees  with  my 
opinion,  which  I  expressed  here  at  a  previous  occasion  some  years 
ago:  "  If  the  single-phase  commutator  motor  can  not  be  designed 
and  operated  at  25  cycles,  it  can  have  no  future  and  no  right  of 
existence."  No  odd  frequency,  as  15  cycles,  or  8  cycles,  can  be 
seriously  considered,  especially  after  the  unfortunate  previous 
experience.  In  some  special  instance,  a  railway  section  isolated 
from  all  sources  of  electric  power  supply,  some  odd  frequency  as 
15  cycles  may  appear  to  have  some  advantage  without  any  im- 
mediate disadvantage,  just  as  40  cycles  appeared  advantageous 
for  mill  work;  but  sooner  or  later  the  disadvantage  of  the  odd 
frequency  will  become  apparent,  and  it  would  be  fortunate  if 
then  it  would  only  mean  scrapping  the  odd  equipment,  as  is 
being  done  in  Southern  40-cycle  cotton  mills,  and  if  the  odd  fre- 
quency has  not  spread  so  as  to  be  irredeemable,  as  50  cycles  in 
Southern  California  and  40  cycles  in  the  upper  Hudson  River 
development. 

John  B.  Taylor  (by  letter):  Under  the  heading  of  Power 
House,  Mr.  Murray  points  out  the  advantages  of  employing  three- 
phase  generators  rather  than  single  phase,  even  though  the  bulk 
of  the  energy  is  supplied  to  a  single  phase  trolley  system.  This 
naturally  results  in  unbalanced  voltage  which  is  a  point  of  greater 
or  less  importance  depending  on  the  amount  and  fluctuations  of 
the  unbalancing,  as  well  as  on  the  types  and  relative  capacities  of 
the  pieces  of  apparatus  connected  to  the  three-phase  system. 
In  general,  polyphase  machinery,  such  as  induction  motors, 
synchronous  motors  and  rotary  converters,  connected  to  an 
unbalanced  system,  will  to*  some  extent  improve  the  balance  at 
their  own  expense,  so  that  such  pieces  of  machinery  must  have 
their  rating  changed  or  the  amount  of  heating  will  be  greater 
than  the  heating  would  be  for  the  same  output  on  a  normal 
balanced  system.  How  serious  this  curtailing  of  rating  or  in- 
crease of  heating  will  be,  is,  of  course,  a  matter  dependent  on  the 
particular  conditions  prevailing  oil  the  particular  system  under 
consideration  Bearing  on  this  point,  Mr.  Murray  makes  one 
statement  that  seems  open  to  question:  *'  .  .  .  such  (un- 
balanced voltage)   as  remains  is  easily   compensated  for   by 
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arrangement  of  transformer  taps  in  the  substations  reducing  the 
three-phase  current  from  high  to  low  voltage  for  motor  or  syn- 
chronous converter  application.'*  While  it  is  a  well  recognized 
proposition  that  any  polyphase  system  can  by  suitable  trans- 
former connections  be  converted  to  any  other  polyphase  system, 
it  is  not  evident  that  the  mere  placing  of  taps  on  transformers 
will  convert  an  unbalanced  three-phase  system  into  a  balanced 
three-phase  system,  since  any  differences  in  the  voltages  must 
be  accompanied  by  changes  of  phase  relation.  While  suitable 
transformer  taps  may  be  selected  so  that  the  voltage  from  each 
individual  transformer  can  be  given  a  desired  value,  these  three 
voltages  cannot  be  interconnected  to  form  a  typical  three-phase 
system,  on  account  of  the  distorted  phase  relation.  It  is  of 
course  possible  to  obtain  both  the  desired  voltage  correction 
and  desired  phase  relation  by  the  general  principles  of  phase 
transformation,  that  is,  connecting  in  series  two  or  more  windings 
having  different  phase  relations.  Such  interconnection  of 
phases  naturally  involves  specially  constructed  transformers  and 
some  complication  of  wiring  to  obtain  the  desired  result,  which 
cannot  be  accomplished  by  transformer  taps  alone. 

R.  E.  Hellmund  (by  letter) :  There  are  a  few  statements  in  Mr. 
Alexanderson's  paper  which,  while  perfectly  correct,  might  be 
misleading  to  the  casual  reader  of  the  paper.  Mr.  Alexander- 
son  states  "  The  output  of  the  converter  must  be  substantially 
one-half  of  the  polyphase  capacity  of  the  motor."  He  also  says 
*'  The  single  phase  capacity  of  the  converter  corresponds  to  the 
input  of  one  jjhase  of  the  motor,  or  one-half  of  the  total  output." 

The  following  statement,  which  is  also  correct,  might  give 
to  some  readers,  a  better  idea  about  the  size  of  the  converter — 
"  The  polyphase  capacity  of  the  converter  is  exactly  the  same  as 
the  polyphase  capacity  of  the  motor."  In  other  words,  if  the 
two  machines  would  have  the  same  speeds,  they  would  have 
to  be  exactly  the  same  size. 

In  comparing  the  phase  converter  with  the  motor-generator 
set,  Mr.  Alexanderson  seems  to  favor  the  phase  converter  some- 
what. The  generator  of  a  motor-generator  set  is  a  polyphase 
machine  and  its  size  would,  therefore,  be  the  same  as  that  of  the 
phase  converter.  The  driving  motor  being  single  phase  would  be 
about  40  per  cent  larger.  Even  considering  that  a  motor  gen- 
erator set  requires  an  exciter  and  that  the  converter  is  a  squirrel 
cage  machine,  I  believe  that  while  a  comparative  weight  of 
1  to  4.5  may  be  obtained  under  special  condition,  a  ratio  of  1  to  3 
or  1  to  3.5  would  be  more  correct  in  the  average  case, 

Mr.  Alexanderson's  statement  that  the  converter  will  add  only 
26i  to  30  per  cent  to  the  weight  of  the  motor,  of  course,  is 
correct  imder  certain  assumptions.  This  question  depends, 
however,  entirely  upon  the  possible  relative  speeds  of  the  motor 
and  the  converter.  The  saving  accomplished  by  the  fact  that 
the  converter  is  not  a  driving  machine,  is  probably  not  very  large 
in  most  industrial  applications.     It  is  my  experience,  that  the 
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electromagnetic  stresses  dtiring  the  starting  period  of  induction 
machines  is  usually  the  governing  feature  and  will  not  permit 
a  light  mechanical  structtire,  except  in  case  of  a  very  large  air 
gap,  which  in  turn,  would  spoil  the  power  factor.  Neverthe- 
less, the  system  has  certain  advantages  and  its  application  will 
be  well  worth  considering  in  some  cases.  While  no  mention  of 
the  possibility  of  using  the  system  for  railway  work  has  been 
made  in  the  paper,  this  question  might  be  of  interest.  Since  the 
converter  adds  25  to  50  per  cent  to  the  motor  weight,  the  total 
equipment  will  be  as  heavy  or  heavier  than  the  straight  single 
phase  commutator  motor  equipment. 

The  possible  omission  of  the  transformer  on  the  locomotive, 
which  is  one  of  the  main  advantages  of  the  straight  three-phase 
operation,  will,  in  most  cases,  not  be  possible  with  the  proposed 
phase  converter  because  the  equivalent  single-phase  line  voltage 
would  have  to  be  considerably  larger.  In  fact,  it  is  liable 
to  pass  the  voltage  limit  for  which  the  converter  and  the  motors 
could  be  safely  and  economically  insulated.  A  transformer  on 
the  locomotive  will,  therefore,  be  required  in  the  majority  of 
applications. 

The  application  of  the  system  for  general  railway  work  seems, 
therefore,  not  very  advisable,  since  the  introduction  of  an 
intermediate  revolving  machine  would  reduce  the  reliability 
and  since  the  constant  speed  feature  of  the  induction  motor 
is  a  disadvantage  in  general  railway  work  in  this  country. 

In  such  cases,  however,  in  which  three-phase  operation  is 
desirable  for  some  reason  or  other,  the  proposed  system  might  be 
considered.  Especially  in  cases  where  the  distances  are  large, 
while  the  number  of  locomotives  is  small,  some  saving  in  first 
cost  over  the  straight  three-phase  system,  might  be  accomplished. 

While  the  rolling  equipment  will  be,  of  course,  considerably 
heavier  as  well  as  more  expensive  than  the  straight  three-phase 
equipment,  the  saving  made  by  the  cheaper  overhead  construc- 
tion may  possibly  more  than  offset  this  disadvantage  in  some 
cases. 

In  connection  with  railway  work,  I  would  like  to  bring  up  the 
question  of  regeneration  and  ask  whether  this  point  1ms  been 
investigated  to  any  extent.  It  might  also  be  well  to  ask  the 
question  as  to  what  would  happen  if  the  power  should  be  off 
for  a  short  interval  of  time,  which  would  permit  the  phase 
converter  to  reduce  its  speed  to  any  extent.  It  seems  that  in 
such  a  case,  there  is  danger  of  the  phase  converter  falling  out  of 
speed,  especially  if  it  is  designed  for  as  high  an  efficiency  as  Mr. 
Alexanderson  proposes. 

While  it  is  quite  possible  to  obtain  a  good  efficiency  with  a 
phase  converter,  it  seems  rather  difficult  to  obtain  at  the  same 
time,  good  starting  conditions  for  the  same,  as  well  as  a  strong 
tendency  to  pull  back  into  speed  whenever  the  power  goes  off. 

In  regard  to  the  power  factor,  it  might  be  said  that  the  total 
power  factor  probably  would  be  rather  low  in  spite  of  the  fact 
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that  the  power  factor  of  the  converter  may  be  as  high  as  95. 
If  we  asstime  for  instance  a  motor  with  a  power  factor  of  90  and  a 
phase  converter  with  a  power  factor  of  95,  we  obtain  a  combined 
power  factor  of  only  77.5.  The  same  combination  at  half  load 
would  have  a  power  factor  of  45  to  50.  This  is  about  the  most 
favorable  condition  which  may  be  obtained.  In  many  cases, 
especially  in  case  of  the  lower  speed  of  a  two  speed  motor,  the 
power  factor  may  come  as  low  as  60  or  even  lower  at  full  load. 

In  fact  the  power  factor  conditions  for  the  phase  converter 
system  are  very  much  the  same  as  for  two  induction  motors 
operating  in  cascade  connection  in  so  far  as  two  machines  have 
to  be  magnetized.  A  comparatively  low  power  factor  will, 
therefore,  be  inherent  to  the  system.  Special  means  for  cor- 
recting the  power  factor  wotdd  further  complicate  the  system, 
so  as  to  make  their  use  hardly  worth  while  considering  in  connec- 
tion with  railway  work. 

E.  F.  Alezanderson  (by  letter) :  In  answer  to  the  questions 
brought  up  by  Mr.  Hellmund  regarding  the  system  of  single- 
phase  operation  with  phase  converters  and  polyphase  motors,  it 
can  be  stated  in  general  that  the  system  is  applicable  for  regen- 
erative breaking  in  the  same  way  as  the  three  phase  system,  and 
that  it  has  been  demonstrated  that  the  phase  converter  has 
no  tendency  for  falling  out  of  step  if  the  power  is  interrupted. 
As  soon  as  the  power  circuit  is  broken  all  the  magnetic  fields 
disappear  and  the  phase  converter  continues  to  nm  light,  being 
retarded  only  by  friction  and  windage.  It  therefore  would  take 
a  considerable  time  for  it  to  slow  down  to  any  great  extent. 
However,  it  was  demonstrated  that  the  speed  might  drop  to  J 
of  full  speed,  and  yet  the  phase  converter  would  come  up  to 
full  speed  as  soon  as  the  circuit  was  re-established. 

The  figtu'es  given  in  the  paper  regarding  the  relative  weight 
of  motors  and  phase  converters  are  of  course  in  no  way  to  be 
considered  as  general — they  refer  to  a  specific  case  of  locomotive 
equipment,  which  appears  to  be  particularly  suited  for  heavy 
mountain  railway  work.  Any  comparison  between  the  phase 
converter  system  and  the  single  phase  commutator  motors  must 
therefore  be  considered  from  this  point  of  view.  It  can  be 
stated  in  the  case  that  has  been  studied  that  the  phase  con- 
verter system  gives  a  much  lower  weight  of  locomotive  than  the 
single  phase  commutator  motor.  The  controlling  feattu'e  is  not 
so  much  the  relative  weight  of  the  auxiliary  apparatus  as  the 
space  factor  of  the  motor  itself,  which  determines  the  type  of 
locomotive  which  may  be  used. 

Regarding  power  characteristics  the  indications  are  that  the 
average  power  factor  will  be  as  good  as  or  better  than  the  corre- 
sponding single  phase  commutator  motor. 

Edwin  B.  Katte  (by  letter) :  The  contribution  to  the  discussion 
of  Mr.  Mtirray's  paper  which  I  have  to  offer  is  based  upon  some 
direct  current  experience,  and  in  order  to  avoid  the  impression 
that  I  favor  direct  current  to  the  exclusion  of  all  other  systems 
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for  trunk  line  electrification,  I  will  preface  my  remarks  by  saying 
that  I  believe  any  steam  railroad  can  be  equipped  for  reliable 
electric  operation  with  either  of  the  three  commonly  discussed 
systems;  but  that  one  of  these  systems  will  more  satisfactorily 
meet  the  special  conditions  of  each  case,  and  that  at  the  present 
time  no  one  system  of  electrification  has  been  developed  to  satis- 
factorily meet  all  the  conditions  of  every  trunk  line  problem. 

It  is  not  a  question  of  direct-current,  single-phase  or  three- 
phase  alternating-current  that  we  should  be  discussing,  but  rather 
steam  versus  electric  operation,  and  until  we  do  confine  our- 
selves to  the  real  issue  and  can  show  economy  in  electric  opera- 
tion, we  cannot  expect  to  interest  steam  railroad  men  as  a  whole. 

Electrification  has  proved  itself  entirely  reliable  on  many 
steam  railroads  and  in  some  cases  has  demonstrated  a  saving  in 
operating  expense.  However,  I  do  not  know  of  a  single  instance 
in  which  it  has  been  shown  that  this  saving  is  sufficient  to  cover 
the  additional  fixed  charges,  and  I  hazard  the  opinion  that  no 
trunk  line  electrification  will  prove  economical  as  compared  with 
steam  until  an  entire  steam  locomotive  division  has  been  elec- 
trically equipped. 

Electricity,  at  the  present  time,  must  be  considered  as  more 
or  less  of  a  luxury  or  as  a  means  to  some  end  other  than  economy 
of  operation.  The  great  trunk  line  terminals  in  New  York  City 
would  not  have  been  possible  were  it  not  for  electricity,  and  the 
operation  of  the  Detroit  River  and  the  Samia  tunnels  would 
scarcely  be  safe  were  it  not  for  electric  locomotives;  in  such  cases 
as  these  the  high  cost  of  electricity  is  justified.  But  on  the  other 
hand,  if  a  city  or  other  property,  through  which  a  steam  railroad 
passes,  is  to  be  improved  by  the  elimination  of  the  nuisance  of 
steam  locomotives,  the  cost  of  this  property  improvement 
should  be  shared  in  by  the  city,  state  or  individual  in  a  manner 
similar  to  the  present  practice  in  the  matter  of  grade  crossing 
eliminations. 

With  much  interest  have  I  read  Mr.  Murray's  statement,  to 
the  effect  that  "  we  have  made  electrification  in  its  various  forms 
work,  we  can  now  make  it  pay,"  and  although  I  have  car^ully 
perused  every  page  of  his  paper,  I  have  failed  to  find  the  last 
statement  justified,  except  in  his  claim  that — **  to  make  elec- 
trification pay,  he  (the  electrical  man)  must  be  able  to  reproduce 
the  four  classes  of  steam  tractive  efforts  by  electricity,  with  a 
total  investment,  the  interest  on  which  must  be  carried  by  the 
economy  to  be  effected  over  steam  operation."  Then  follow 
data  about  water  consumed  per  ton-mile  of  steam  trains  and 
watt-hours  per  ton-mile  for  electric  trains,  concerning  which  you 
are  all  more  or  less  familiar,  but  not  a  word  regarding  the  relative 
cost  per  ton-mile  of  steam  and  electric  trains  in  similar  service. 
It  is  this  cost  data  in  which  we  are  so  vitally  interested,  and  this 
I  had  hoped  to  find  in  Mr.  Murray's  analysis.  Here  I  may  add 
that  cost  figures  for  comparative  performance  on  the  New  York 
Central  system  are  not  available  for  the  reason  that  the  service 


Digitized  by  VjOOQIC 


1911] 


DISCUSSION  AT  CHICAGO 


1497 


is  still  mixed  steam  and  electric;  steam  locomotives  operate  over 
electrified  tracks  and  multiple-unit  trains  are  hauled  a  large 
portion  of  their  run  by  steam  locomotives  due  to  the  still  tm- 
completed  condition  of  the  Electric  Division. 

In  Fig.  38  Mr.  Murray  has  reproduced  several  speed-time 
curves  for  single-phase  locomotive  runs  and  has  computed  the 
cturent  consumption  in  watt-hours  per  ton-mile  for  local  and 
express  service  on  the  New  Haven  Railroad.  A  comparison  of 
current  economy  based  upon  watt-hours  per  ton-mile  for  dif- 
ferent systems  on  different  railroads  is  not  very  conclusive  be- 
cause of  the  effect  of  grades,  ciuves,  station  stops,  schedule 
speed,  etc.,  but  as  an  indication  of  what  might  be  expected  in 
comparing  direct-current  and  single-phase  locomotives  in  the 
same  service,  I  have  selected  locomotive  runs  on  the  New  York 
Central  direct-current  system  as  nearly  the  same  as  those  given 
by  Mr.  Murray  as  the  train  schedule  will  permit,  and  the  results 
are  tabulated  below: 


LOCAL  TRAIN  SBRVICB 


Items 


Direction  of  run 

Average  grade 

Train  number 

Date .' 

Run  between 

Train  weight,  tons 

Length  of  run,  miles 

Time  of  run,  min 

Schedule  speed  miles  per  hr. 

Number  of  stoiM 

Stops  per  mile 

Watt-hr.  per  ton-mile 


Single-phase  loco. 


W.  bound  B.  bound 
+0.063%  -0.063% 
213  216 

2/11/11    2/11/11 
Stamford-Woodlawn 


316 

20.6 

66.8 

22.1 

13 

0.03 

86.4 


286 

20.6 

66  8 

22.1 

14 

0.68 

74.2 


Direct  current  loco. 


N.  botmd  S.  botmd 

+0.129%  —0.129% 

333  1016 

6/6/11  6/31/11 
G.  C.  Term.-No.  W.  Plains. 

266  260 

23.9  23.9 

61.8  62.8 

23.2  22.8 

20  18 

0.84  0.76 

81.6  69.4 


BXPRBSS  TRAIN  SBRVICB 


Items 


Direction  of  run 

Average  grade 

Train  number 

Date 

Run  between 

Train  weight,  tons 

Length  of  run.  miles 

Time  of  run,  min 

Schedule  speed,  miles  perhr. 

Number  of  stops 

Watt  hr.  per  ton-mile 


Single-phase  loco. 


W.  bound  B.  bound 
+0.063%  -0.063% 
9  16 

2/11/11     2/11/11 
Stamford- Woodlawn 


477 

20.6 

27.6 

44.7 

0 

36.0 


493 

20.6 

26.2 

49.0 

0 

30.0 


Direct  current  loco. 


N.  bound 
+0.129% 
1006 
6/9/11 


S.  bound 

—0.129% 

1004 

6/29/11 


M.   Haven  Jct.-White 

432  434 

17.11  17.11 

23.3  23.4 

44.1  43.9 
0  0 

29.2  17.6 


Pls.| 


From  the  tables  it  will  be  noted  that  the  trains  selected  for 
comparison  are  quite  similar  in  weight,  schedule  speed,  number 
of  stops,  etc.,  for  each  class  of  service,  however  there  is  some  dif- 
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ference  in  the  grade  of  the  two  raikoads,  the  New  Haven  having 
an  average  descending  grade  of  0.053  of  one  per  cent  from  Wood- 
lawn  to  Stamford,  and  the  New  York  Central  an  average  as- 
cending grade  of  0.129  of  one  per  cent  from  Grand  Central  Term- 
inal to  North  White  Plains.  For  this  reason  the  comparison  is 
made  of  trains  operating  in  both  directions  and  in  all  cases,  both 

COMPARISON— ELECTRIC  OPERATION 
NEW  HAVEN  R.R.  AND  NEW  YORK  CENTRAL  R.R.  CO. 
TRAIN  MINUTE  DELAYS  PER  MONTH 


New  Haven  R.R.  Co. 

New  York  Central  R.R.  Co. 

\ 

Month 

Power 
houses 

Trans, 
lines 

Blec. 
loco. 

Total 

Power 
houses 

Line 
S.  S. 
3dR. 

Blec. 
loco. 

Total 

Loco, 
miles 

1908 

JtUy 

Aug 

Sept 

Oct 

Nov 

Dec 

0 

132 

0 

0 

139 

179 

2100 

1642 

942 

2140 

103 

194 

1183 
407 
224 
343 
406 
240 

3283 
2181 
1166 
2483 
647 
613 

0 

I 

10 

33 

0 

42 

0 

0 

30 
46 
18 
30 
7 
36 

40 
78 
18 
72 
7 
36 

86022 
89670  ' 
89324 
89561  I 

89738  1 

1 

Total 

450 

7121 

2802 

10373    0 

86 

166 

260 

529037 

Average  peri 
month. . .   76 

1187 

467 

1729  ,   0 

14 

28 

42 

88173 

1909 

July 

Aug 

Sept 

Oct 

Nov 

Dec 

0 

; 

64 
0 
0 

170 

648 

0 

204 

42 

66 

163 
97 

219 

124 
96 

316 

323 
646 
219 
382 
137 
370 

0 
0 
0 
0 
0 
0 

10 
64 

7 

0 

18 

8 

46 
164 
86 
6 
27 
12 

66 
208 
93 
6 
45 
20 

95482 
91160 
93688 
94893  ' 
89504 
91082  , 

Total 

64 

1019 

1003 

2076 

0 

97 

330 

427 

565809  1 

Average  per 
month. . . 

9 

170 

167 

346 

0 

17 

66 

71 

92635  : 

1 

SUMMARY 

Total  Train  Minute    Delays  for   Six    Months. 

New  Haven  R.R.  Co 1908—10373       1909—2076 

New  York  Central  Co -—260  -  —  427 

N.  Y.  C.  increase  was  due  to  an  epidemic  of  defective  fuses  on  looomotives.     Of  the 
427  minutes  delay.  234  were  due  to  defective  fuses. 

for  express  and  local  trains  up  or  down  the  grades,  the  saving 
in  current  consumption  is  in  favor  of  the  direct  cturent  locomo- 
tive. 

There  is  no  data  given  by  Mr.  Murray  for  converting  the  watt- 
hours  per  ton-mile  into  dollars  and  cents  to  cover  all  fixed  and 
operating  expenses  for  the  entire  electric  service,  and  therefore 
the  relative  cost  of  steam  and  electric  operation  cannot  be  de- 


Digitized  by  VjOOQIC 


19111  DISCUSSION  AT  CHICAGO  1499 

termined,  and  while  there  may  be  a  saving  in  operating  expense 
it  is  not  known  whether  or  not  it  is  sufficient  to  cover  the  addi- 
tional fixed  charges  incurred  by  the  electrical  installation. 

The  statisticsd  record  of  single-phase  operation  gives  ample 
proof  of  the  improved  conditions  of  that  system;  the  reduction 
in  train  minute  delays  for  the  last  six  months  in  1908,  namely 
from  10373  to  2076,  in  the  same  months  of  the  following  year, 
is  considerable.  On  the  New  York  Central  Electric  Division, 
the  train  minute  delays  due  to  electric  trouble  for  the  same  period 
in  1908  was  250  minutes  and  in  the  following  year  427  minutes, 
of  which  234  minutes  delay  were  caused  by  an  epidemic  of  de- 
fective ribbon  fuses  which  were  responsible  for  more  than  one- 
haJf  of  the  delays  before  they  could  all  be  removed  from  the  elec- 
tric locomotives. 

Mr.  Murray  points  with  justifiable  pride  to  the  single-phase 
locomotive  performance  of  15,700  miles  per  one  locomotive 
failure.  A  similar  good  record  has  been  made  by  the. direct 
current  locomotives,  as  shown  in  the  New  York  Central  record 
for  March,  1911,  of  26,655  miles  per  one  engine  failure;  the  total 
electric  locomotive  miles  for  that  month  was  106,622. 

Again  Mr.  Murray  refers  to  the  single-phase  electric  locomotive 
record  for  reliability,  and  states  that  in  November,  1909,  there 
were  66,000  locomotive  miles  performed  with  but  three  minutes 
dday  and  informs  us  that  upon  such  ground  his  Board  of  Di- 
rectors stood  in  ratifying  the  single-phase  system.  A  better 
monthly  record  has  been  made  by  the  direct  current  locomotives 
on  the  New  York  Central  system,  the  exact  mileage  being  101,765 
made  in  April  last,  the  single  train,  detention  being  of  lour  min- 
utes duration,  caused  by  a  broken  draw  bar  knuckle  which  con- 
tained a  hidden  flaw  in  the  casting.  Last  month,  that  is  May, 
1911,  the  locomotives  performed  an  average  mileage  of  112,893 
per  one  train  detention  of  five  minutes  caused  by  a  defective  air 
brake  hose. 

Little  is  said  in  the  paper  of  the  power  station  for  supplying 
a  single-phase  system  and  nothing  about  its  cost  of  operation; 
the  storage  battery  is  dismissed  as  a  thing  of  the  past,  yet  both 
have  a  very  direct  bearing  on  the  cost  of  generating  current, 
which  after  all  is  the  main  source  of  economy — or  expense — 
in  any  electric  traction  system.  It  is  well  known  that  to  gen- 
erate cturent  on  unbalanced  phases  is  more  costly  than  on  an 
equally  loaded  three-phase  system;  and  aside  from  the  insurance 
feature  of  batteries,  their  economical  effect  in  equalizing  the 
load  on  power  stations  has  frequently  been  demonstrated.  This 
has  again  been  evidenced  in  the  low  cost  of  generating  ctirrent  at 
the  Port  Morris  power  station  of  the  New  York  Central  Com- 
pany, where  for  some  time  the  average  cost  to  generate  ctirrent 
has  been  about  one-half  cent  per  kilowatt-hour  with  coal  costing 
approximately  $3.00  per  ton.  It  would  be  an  interesting  com- 
parison if  Mr.  Murray  would  tell  you  what  it  is  costing  to  gen- 
erate current  at  the  Cos  Cob  power  station  for  the  single-phase 
systemt 
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It  is  encouraging  to  nctte  that  the  many  electrical  and  mechani- 
cal changes  in  the  original  New  Haven  locomotives,  which  Mr. 
Murray  described  in  his  former  paper,  have  resulted  in  more 
reliable  operation;  this,  however,  should  not  be  the  only  index 
of  satisfactory  restdts.  The  successful  electric  locomotive 
should  not  only  be  reliable  but  its  maintenance  in  such  condition 
must  be  at  a  low  cost.  The  inspection,  repairs,  renewals  and 
other  maintenance  of  the  New  York  Central  electric  locomotives 
during  the  first  four  years  of  operation  have  averaged  between 
three  and  three  and  a  half  cents  per  locomotive-mile  for  all 
classes  of  service.  It  would  be  interesting  if  Mr.  Murray  wotdd 
publish  similar  maintenance  co§ts  for  the  New  Haven  locomotives. 

There  is  much  in  the  paper  concerning  the  additional  weight 
of  the  New  Haven  Company's  single-phase  direct  current  eqtiip- 
ment.  This  feature  has  been  criticized  before  now  by  some 
engineers  who  have  wondered — in  the  light  of  the  knowledge 
that  direct  current  would  have  to  be  used  by  the  New  Haven 
Company  for  a  considerable  portion  of  its  mileage — why  such  a 
complicated  and  heavy  equipment  was  ever  adopted.  No 
figures  were  then  available  to  prove  that  it  was  more  economical 
or  reliable  than  the  lighter  and  less  compUcated  direct  current 
apparatus,  and  none  have  yet  been  produced. 

The  figiu^es  given  for  the  fij"st  cost  of  the  single-phase  trunk 
line  electrification  system  are  so  very  general  in  character  and 
the  range  between  the  high  and  low  estimates  so  great  that  no 
comparison  can  be  made  with  the  cost  of  the  direct  current 
system.  However,  the  impression  derived  from  the  unit  costs 
given  is  that  the  direct  current  system  would  be  considerably 
less  expensive,  and  this  impression  is  in  a  way  substantiated 
by  a  comparison  of  the  estimates  submitted  last  Fall  to  the 
Joint  Metropolitan  Committee  in  Boston  by  the  New  Haven 
Company  for  single-phase  and  by  the  New  York  Central  Com- 
pany for  direct  current  electrification,  wherein  the  average  cost 
for  single-phase  electrification  was  $71,000  and  for  direct  current 
$59,000  per  mile,  including  all  items  entering  into  the  first  cost 
of  the  change  of  motive  power. 

Mr.  Murray's  final  remarks  are  not  to  my  mind  conclusive; 
he  states  that  his  paper  is  not  an  argument  for  the  single-phase 
system,  that  statistical  records  of  first  cost  and  operating  expense 
make  such  a  course  unnecessary.  No  such  records  of  first  cost 
or  of  operating  expense  have  ever,  to  my  knowledge,  bsen  given 
to  the  engineering  public,  and  such  meager  results  as  are  re- 
corded in  his  paper  pertain  to  but  85  single-track  miles  of  main 
line  now  in  single-phase  operation  on  the  New  Haven  Railroad 
between  Woodlawn  and  Stamford,  while  on  the  other  hand,  more 
reliable  operation  is  to  be  found  over  the  126  miles  of  main  line 
on  the  New  York  Central  Railroad  Company's  direct-current 
system. 

My  piupose  is  not  to  argue  the  adoption  of  the  direct-current 
system  as  opposed  to  the  single-phase  system,  but  to  point  out 
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as  forcibly  as  I  may  that  the  direct-current  system  has  thus  far 
made  a  better  record  than  the  single-phase,  and  therefore  at 
least  two  systems  of  electrification  are  available  for  successful 
trunk  line  operation,  and  to  urge  electrical  engineers  to  strive 
to  prove  the  advantages  and  economy  of  electricity  over  steam 
as  a  motive  power  and  leave  the  selection  of  the  system  to  be 
determined  by  the  requirements  of  each  specific  case. 

H.  Graftio  (by  letter) :  Although  the  New  York,  New  Haven  & 
Hartford  Road's  present  electrification  was  proved  to  be  a  complete 
success,  I  cannot  agree  with  Mr.  Murray's  conclusion  and  doctrine 
of  the  tmiversal  use  of  the  single-phase  system  on  trunk  lines. 

In  my  opinion  one  cannot  possibly  avoid  the  question  of 
relative  costs  and  merits  of  electrification  by  various  systems 
(in  hand  and  to  come)  for  various  specific  conditions  of  the  lines 
themselves  and  of  the  traffic  to  be  handled  on  them,  and  one 
cannot  substitute  these  very  complex  questions  by  the  motto: 
"As  electrification  of  "trunk  lines  is  now  practically  at  hand, 
what  is  the  correct  system  for  all?" 

"  No  system  yet  at  hand  is  the  correct  system  for  all  "  would 
be  in  my  opinion  the  only  possible  answer  to  the  question,  unless 
one  be  satisfied  with  very  poor  average. 

And  as  regards  the  recommendation  of  the  single-phase  System, 
among  others  in  hand,  (which  also  proved  to  be  very  successful 
in  the  respective  cases  where  they  are  used)  to  be  the  universal 
system,  it  would  really  mean  too  heavy  a  sacrifice  for  the 
numerous  cases  of  trunk  line  electrification,  where  we  really 
can  expect  now  to  see  electric  traction  advantageously  substi- 
tuted for  the  existing  steam  traction. 

I  am  by  no  means  adverse  to  the  single-phase  system,  or  an 
advocate  of  some  other  system,  but  I  do  consider  that  one  can- 
not forget  the  results  obtained,  for  instance,  in  the  recent 
Pennsylvania  electrification  with  the  direct-current  system,  or 
the  really  wonderful  performance  of  the  three-phase  system 
used  on  the  Italian  lines  and  among  them  on  the  Genova  Busalla 
trunk  line. 

It  seems  to  me  that  the  whole  confusion  in  the  so  much  talked 
of  question  of  one  single  universal  system  of  electric  traction  for 
trunk  lines  is  the  outcome  of  one  fimdamental  deviation  in  pure 
logics.  One  very  often  refers  the  idea  of  electrification  to  entire 
systems  of  trunk  railroads.  So  far  and  while  one  is  reasoning 
in  this  general  and  abstract  way,  one  might  be  perfectly  justified 
in  advocating  some  single  imiversal  system,  and  it  is  possible 
that  the  single-phase  system  might  be,  so  far  as  we  stand  now, 
the  best  stiited  for  such  a  general  purpose,  or  might  not  be. 

We  have  had  the  occasion  to  hear  this  same  reasoning  ex- 
pressed by  some  of  the  reporters  at  the  International  RaSway 
Gcmgress  held  at  Bern  in  Jtdy  1910,  and  so  faf  as  the  hypothetical 
case  was  considered,  these  reporters  were  perhaps  in  some  way 
justified.  But  the  same  reporters  on  the  basis  of  very  complete 
studies  of  electrification  done  for  Bavaria,  for  Austria  and  for 
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Switzerland,  infonned  us  that  the  electric  traction  is  in  such  a 
state  as  to  advantageously  supplant  the  steam  traction  on 
trunk  lines  in  two  cases,  viz.: 

1 .  If  the  cost  of  energy  be  less  than  so  many  pfennigs  or  hellers 
per  kw-hr. 

2.  If  the  density  of  trajSic  has  surpassed  such  and  such  limits. 
Considering  the  cases  mentioned,  we  see  that  even  for  Bavaria 

and  for  Austria  (and  for  Switzerland  too),  whose  representatives 
were  precisely  the  reporters  mentioned,  practically  only  two 
categories  of  trunk  lines  can  stand  electrification  versus  the  exist- 
ing steam  traction  at  all,  and  those  are:  mountain  divisions  of 
ttunk  roads  sometimes  connected  with  a  few  short  flat  divisions 
adjacent  to  these  mountain  divisions  and  with  cheap  sources  of 
energy  in  the  vicinity,  or  suburban  sections  of  trunk  roads  ad- 
joining large  cities  with  a  sufficiently  dense  traflSc  on  them. 

And  precisely  for  these  special  cases  of  real  practical  possi- 
bilities of  electrification,  other  systems,  such  as  the  three-phase 
and  the  direct  current  come  out  as  more  economical  and  more 
suitable  for  purely  technical  reasons  than  the  single-phase 
system.  This  has  and  can  be  easily  demonstrated  by  figures  for 
each  of  these  two  special  cases. 

What  remains  then  of  the  electrification  of  entire  systems  of 
trunk  railroads,  advocated  as  the  chief  argument  for  the  selec- 
tion of  one  tmique  system  of  electric  traction?  Nothing;  And 
what  is  the  weight  then  of  considering  a  unique  and  universal 
system  of  electric  traction?  Nil;  unless  speaking  of  phantoms 
and  dreams,  because  we  cannot  underestimate  the  present 
Queen  of  our  trunk  railroads — the  modem  steam  locomotive, 
which  is  and  will  remain  for  a  long  time  to  come  the  cheapest 
and  the  best  suited  for  innumerable  kilometres  of  our  existing 
railroads,  and  because  we  also  cannot  overlook  results  obtained 
by  other  systems  of  electric  traction 

On  the  other  hand  we  are  progressing  so  rapidly  in  the  art  that 
nobody  can  pledge  for  ten  years  in  advance  that  some  other 
system  will  not  come  forward  in  the  meantime,  which  would 
make  competition  for  any  of  the  existing  systems  hard. 

Extrapolation  has  been  always  condemned  by  mathematicians, 
and  in  the  case  of  electrification  of  entire  trunk  systems,  or  even 
lines,  where  millions  are  to  be  spent  and  where  the  directors  of 
a  railroad  company,  or  the  respective  governments  may  ask  for 
some  specific  explanation  as  to  the  rettu-n  each  year  of  a  per- 
centage on  some  of  the  money  spent,  it  seems  that  engineers  must 
be  even  more  careful  in  this  respect  than  mathematicians. 

Let  me  remark  also  that,  with  the  exception  of  motor  car  trains 
suited  for  local  traffic,  in  the  long  distance  service  where  heavy 
trains  will  have  to  be  hauled  by  powerful  electric  locomotives,  it 
really  will  not  take  more  time  or  give  more  trouble  to  replace,  at 
the  respective  jimction  stations,  a  single-phase  locomotive  by  a 
three-phase  one,  for  instance,  or  vice  versa,  than  is  being  taken 
now  in  changing  one  steam  locomotive  for  another. 

The  verv  small  complications  in  the  distribution  system,  that 
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may  come  out  of  this  (or  may  not),  are  not  worth  mentioning 
now  and  cannot  seriously  be  taken  into  consideration  as  a  reason 
to  overlook  much  more  serious  circumstances,  such  as  economy 
and  technical  suitability. 

The  conclusions  reached  at  the  Bern  Congress  on  the  question 
of  **  systems  '*  of  electric  traction  seem  to  confirm  in  the  fullest 
way  the  above  opinion. 

Clause  No.  2,  of  the  conclusions  of  the  Bern  Congress,  ac- 
cepted by  the  immense  majority  of  the  railroad  men  and  elec- 
tricians of  all  countries,  both  of  Europe  and  of  America,  that  • 
were  present  and  participated  in  the  discussions,  says:  **  There 
are  various  systems  at  hand  and  the  selection  of  one  or  another 
system  is  dependent  on  its  respective  suitability  in  each  case." 

So  better  let  now  each  system  develop  and  fight  for  its  own, 
as  before,  in  finding  more  and  more  of  the  convenient  field  for  its 
respective  development.    The  fittest  will  win. 

Gisbert  Kapp  (by  letter) :  Mr.  Murray  has  done  good  service 
to  the  cause  of  electrical  engineering  generally  in  showing  that 
electrical  working  of  main  lines  is  perfectly  reliable.  Apart  from 
the  satisfaction  which  every  engineer  will  feel  at  the  success 
recorded  in  the  paper  there  are  two  broad  conclusions  to  be  drawn 
from  it.  One  is  the  importance  of  treating  electrification  not 
piecemeal,  but  as  one  organic  and  comprehensive  change  and  the 
other  is  the  importance  of  standardization.  The  electrifications 
carried  out  hitherto  in  Europe  were  mostly  tentative  and 
piecemeal  work.  Under  these  circumstances  the  fixed  charges 
on  powerhouse  and  lines  and  the  low  load  factor  of  the  power- 
house must  seriously  hamper  the  economic  advantages  which  can 
be  obtained  if  the  working  is  extended  to  all  classes  of  traffic 
including  yard  work.  'Mr.  Murray's  paper  brings  out  the  eco- 
nomical advantage  of  treating  electrification  as  a  matter  of  general 
and  not  partial  application.  This  is  also  the  experience  in 
Eiu-ope  where  not  only  passenger,  but  also  goods  trafiic  is  worked 
electrically,  though  the  extension  of  electric  working  to  yards 
has  not  been  carried  out  so  fully  as  on  Mr.  Murray's  lines.  The 
tendency  is  however  that  way  also  here. 

The  other  broad  conclusion,  namely  the  desirability  of  stand- 
ardization, is  also  fully  recognized  in  Europe,  but  when  we 
come  to  details  we  get  onto  debatable  ground.  Five  years  ago 
the  Swiss  Government  called  together  a  committee  to  study 
this  question,  but  although  reports  were  issued  there  is  at  present 
no  such  thing  as  standard  practice  in  European  railway  elec- 
trification. Of  the  three  posttdates  in  Mr.  Murray's  religion, 
namely  type  of  current,  pressure  and  frequency,  only  the  first 
may  be  considered  as  a  standard  with  us.  It  is  true  that  the 
Italian  Government  has  adopted  three-phase  current  for  some 
portions  of  main  lines,  but  there  were  special  reasons  for  this 
decision  and  the  Italian  Government  engineers  have  by  no 
means  closed  the  door  on  the  single-phase  system.  Mr.  Verola, 
the  chief  engineer  to  the  Railway  Department,  stated  in  a  letter 
to  me  that  it  is  highly  probable  that  other  lines  will  be  electrified 
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single-phase.  All  the  new  main  lines  electrified  or  to  be  elec- 
trified on  the  Continent  are  on  the  single-phase  system  and 
the  two  examples  of  main  line  working  we  have  in  England  are 
also  running  very  satisfactorily  on  this  system.  We  may 
therefore  take  it  that  Mr.  Murray's  suggestion  as  to  type  of 
current  will  be  readily  adopted,  but  if  we  come  to  the  questions 
of  pressure  and  frequency  we  find  the  most  bewildering  variety 
in  present  practice.  In  England  and  Prussia  most  lines  are 
worked  at  25  cycles,  while  Italy  and  the  Duchy  of  Baden  have 
adopted  15  cycles  as  a  standard.  The  Swiss  committee  have 
also  recommended  this  frequency  as  a  standard.  One  of  the 
reasons  why  Switzerland  has  adopted  a  15  cycle  standard  with 
a  10  per  cent  latitude  up  and  down  is  that  the  existing  hydro- 
electric works  have  generally  frequencies  between  40  and  50  and 
by  installing  a  frequency  transformer  of  3  to  1  ratio  they  could 
utilize  their  spare  power  for  railway  supply.  As  both  Switzer- 
land and  Italy  are  water. power  countries  and  as  the  capital 
outlay  for  hydroelectric  works  is  much  heavier  than  for  steam 
driven  stations  it  is  a  matter  of  great  economic  importance  to 
utilize  the  existing  plants  to  the  fullest  possible  extent  and  for 
this  reason  it  seems  unlikely  that  the  standard  of  15  will  be 
abandoned  for  one  of  25. 

As  regards  pressure  we  have  in  Europe  also  a  great  variety, 
including  all  voltages  from  2,000  up  to  20,000,  but  the  tendency 
of  new  lines  is  to  adopt  a  pressure  in  the  neighborhood  of  10,000 
volts.  This  is  not  so  very  different  from  Mr.  Murray's  sugges- 
tion that  one  need  abandon  the  idea  of  coming  to  an  understand- 
ing. Mr.  Murray  has  shown  that  a  presstire  of  11,000  volts  can 
be  safely  employed  and  there  is  nothing  to  prevent  this  standard 
being  adopted  also  in  Europe. 

As  regards  the  design  of  motors  the  question  whether  the 
frequency  shall  be  15  or  25  is  not  of  paramount  importance. 
Mr.  Eichberg  (whose  motors  are  made  by  the  Allgemeine) 
favors  25,  while  other  firms,  notably  Siemens-Schuckert,  favor 
15,  but  there  is  no  scientific  reason  which  should  make  it  im- 
possible to  design  any  type  of  motor  for  either  frequency.  As 
Mr.  Murray  has  shown  by  his  practical  success  that  the  fre- 
quency of  25  is  possible  there  does  not  seem  to  be  any  very  press- 
ing reason  to  abandon  it.  The  argument  that  some  types  of 
motor  can  be  built  a  little  more  conveniently  for  the  lower  fre- 
quency can  hardly  be  considered  to  weigh  very  heavily  in  com- 
parison with  the  practical  success  which  has  been  achieved  with 
the  higher  frequency. 

Discussion  at  Toronto 

N.  W.  Storer:  As  Mr.  Murray  has  kindly  omitted  all  refer- 
ence in  his  remarks  to  the  locomotive  I  will  make  a  few  remarks 
about  it. 

You  may  think  that  the  greatest  point  of  diifficulty  in  connec- 
tion with  the  electrical  locomotive  today  is  with  the  electrical 
features  of  it,  that  is,  the  design  of  motors  and  control,  but  it 
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may  be  questioned  whether  that  is  absolutely  true.  There  is 
no  question  about  it  that  the  electrical  features  have  required 
most  careftd  designing.  But  I  believe  the  one  point  that  is 
attracting  as  much  attention  from  our  locomotive  designers  at 
the  present  time  as  any  other,  is  the  method  of  connecting  the 
motors  to  the  drive  wheels.  Now,  what  is  the  best  connection 
for  transmitting  the  power?  We  have  in  the  New  York  Central 
locomotive  probably  the  simplest.  There  the  field  of  the  motor 
is  made  a  part  of  the  frame  of  the  locomotive.  The  armature  is 
pressed  on  the  axle.  That  has  some  diflSculties  in  the  way  of 
additional  dead  weight  on  the  axle,  which  some  people  claim 
has  been  very  detrimental  to  the  road  bed.  At  any  rate  when 
we  discussed  with  our  good  fiiend  Mr.  McHenry  the  design  of 
new  locomotives,  there  was  one  specification  which  he  absolutely 
insisted  on.  there  must  be  no  dead  weight  on  the  axles  excepting 
the  axles  themselves  and  the  wheels;  the  motors  must  be  spring 
supported.  That  specification  has  been  maintained,  and  I  must 
say  I  am  in  absolute  accord  with  his  views  on  the  matter,  that 
there  should  not  be  imnecessaxy  dead  weight  on  the  axles. 

The  design  of  the  original  locomotive  was  also  limited  by  the 
insistence  on  having  no  gears.  That  I  believe  was  a  very  good 
thing.  I  think  we  have  made  a  greater  success  of  the  proposition 
than  we  should  have  done  at  that  time  with  gears.  The  motors 
have  been  mounted  on  quills.  As  probably  most  of  you  are 
familiar  with  the  design  I  will  not  attempt  to  explain  it  in  detail, 
but  the  motor  is  concentric  with  the  axle  and  drives  the  wheels 
through  springs.  Now,  the  later  forms  of  locomotives  have  a 
gear  reduction.  This  071  as  it  is  familiarly  known  has  the  motors 
arranged  directly  above  the  spde  and  they  are  geared  down  to 
the  quills;  the  springs  connecting  the  quills  with  the  wheels 
are  long  and  quite  flexible,  so  that  there  is  sufficient  play  there 
to  permit  the  motor  to  be  mounted  rigidly  on  the  frame  of  the 
locomotive  and  to  move  with  it,  allowing  an  inch  and  a  half  of 
play  either  above  or  below  the  normal  position.  That  is  the 
easiest  riding  locomotive  I  was  ever  on  and  I  believe  I  have 
ridden  on  practically  all  of  the  different  types  of  electric  loco- 
motives in  the  world  at  this  time.  Without  any  question  it  is 
the  easiest ;  that  is,  as  far  as  the  comfort  of  a  man  in  the  cab  is 
concerned,  and  I  believe  ease  on  the  road-bed  as  well. 

Another  type  of  drive  which  is  now  being  used  to  some  extent 
in  this  cotmtry  and  a  great  deal  abroad  is  the  side  rod  type.  That 
is  a  reversion  to  the  old  steam  locomotive  practice.  We  found 
that  some  railroad  people  were  never  going  to  be  satisfied  until 
they  had  side  rods  on  their  locomotives.  Without  them  the 
thing  didn't  look  like  a  locomotive.  Mr.  Murray  even  criticized 
our  first  design  of  locomotive  because  he  said  it  didn't  have  any 
distinctive  appearance  about  it,  it  didn't  look  like  a  locomotive. 

Now,  this  side  rod  type  has  been  applied  on  the  Pennsylvania 
electrification  at  the  New  York  terminal  and  it  is  doing  very  good 
work  indeed.     Those  locomotives  are  probably  more  powerful 
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than  any  other  in  the  world.  They  will  pull  an  800-ton  train  up 
a  two  per  cent  grade  at  30  to  40  miles  an  hour;  they  will  start 
the  train  equally  well.  That  means  a  good  deal  when  you 
consider  there  are  only  about  100  tons  on  the  drivers  and  it 
requires  60  to  70  thousand  pounds  draw  bar  pull  to  do  that* 

We  have  been  extremely  fortunate  and  I  want  to  say  the 
whole  railway  world  owes  Mr.  E.  H.  McHenry,  the  Vice-President 
of  the  New  York,  New  Haven  and  Hartford,  a  debt  of  gratitude. 
He.  has  been  perfectly  free  to  accept  the  responsibility  and  to 
afford  all  of  the  contractors  the  greatest  latitude  in  working 
out  designs,  to  afford  them  the  opportunity  to  try  new  devices 
and  new  designs  which  appeared  to  have  merit.  At  this  time 
there  are  orders  placed  and  locomotives  practically  completed 
of  several  different  designs,  or  rather  modifications  of  one  or 
two  designs,  they  are  more  samples.  They  have  that  071  type 
which  was  built  as  a  sample  but  was  fotmd  so  good  that  they 
built  the  Hoosac  Tunnel  locomotives  identical  with  it,  mechani- 
cally and  electrically,  except  that  they  are  straight  alternating 
current  instead  of  alternating  current-direct  current.  They 
have  now  a  side  rod  locomotive.  070  has  two  very  large  motors 
driving  through  side  rods  similar  to  the  Pennsylvania  locomo- 
tives. There  is  in  the  shop  a  switcher  locomotive  which  is 
illustrated  in  the  paper  which  has  the  four  motors  above  the 
axles  geared  down  to  quills. 

There  is  the  072  similar  to  the  071,  but  with  some  modifica- 
tions as  found  desirable  and  possible  after  the  experience  of 
building  one. 

Then  there  is  another  locomotive  which  I  feel  is  going  to  be 
one  of  the  best  that  we  have  yet  been  able  to  produce  and  that 
will  be  known  as  069.  It  is  going  to  be  an  **  earlier  *'  type  but 
it  is  not  quite  finished  yet.  It  looks  at  first  thought  as  if  it 
might  be  a  mistake,  as  if  somebody's  slide  rule  had  slipped  a 
little  bit,  but  I  don't  think  that  is  the  case.  We  have  eight 
motors  on  that  locomotive  instead  of  two  which  the  side  rod 
locomotive  takes.  We  have  two  motors  for  each  driving  axle. 
The  motors  are  mounted  in  pairs  and  geared  directly  to 
the  quills.  We  use  two  motors  to  replace  the  one  large  one. 
The  reason  for  that  is  plain,  when  you  consider  the  matter. 
The  space  between  the  wheels  on  a  locomotive  is  very 
limited  and  when  you  come  to  build  large  motors  you  find  that 
a  very  large  portion  of  that  space  must  be  used  in  gears.  For 
instance  the  large  motors  on  that  071  have  two  gears  of  4|-in. 
face  each,  so  that  there  are  9^  in.  gear  space;  add  to  that  the 
space  required  for  gear  cases  and  you  find  you  haven't  very  much 
space  left  for  the  motor.  That  means  that  the  motor  must  be 
made  very  large  in  diameter  in  order  to  get  the  torque,  which 
runs  up  the  peripheral  speed  of  the  armature  and  cuts  down  the 
output  in  that  way.  The  smaller  motors  have  been  well  and 
thoroughly  developed  for  car  uses  and  they  do  not  require  as 
large  a  gear.     By  mounting  two  of  these  motors  together  we 
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can  connect  them  both  to  one  large  gear  of  very  much  narrower 
face  than  the  stmi  of  the  two  gears  on  the  large  motor,  so  that 
we  are  able  to  utilize  this  space  much  more  efficiently  between 
the  wheels  than  would  be  possible  with  a  large  motor,. and  we 
find  there  is  a  very  material  reduction  in  the  weight  made  possi- 
ble by  that  arrangement. 

That  is,  however,  not  the  only  new  feature  about  this  loco- 
motive. The  running  gear  is  quite  different.  It  has  four  pairs 
of  drivers*i  There  are  two  middle  drivers  which  are  mounted  in 
the  rigid  frame  that  the  cab  is  mounted  on;  instead  of  having 
two  six  wheel  trucks  as  this  071  has  there  are  four  drive  wheels 
in  the  middle  of  the  locomotive,  and  at  each  end  there  is  one 
driving  axle  aiid  a  pony  which  are  mounted  in  a  truck  by  them- 
selves and  swing  more  like  a:>Mallet  locomotive.  It  has  some- 
thing like  a  Mallet  hinge  ia  there;  it  is  a  modification  of  that 
idea,  but  it  results  in  a  very  light  flexible  locomotive  which  I 
think  is  going  to  be  a  winner.  The  control  instead  of  being 
complicated  by  the  number  of  motors  is  very  much  simplified 
and  reduced  in  weight  as  well,  so  everything  tends  to  make  that 
an  extremely  light  locomotive,  one  that  you  are  going  to  hear 
from  shortly. 

You  would  be  surprised  at  the  interest  that  is  being  taken  all 
over  Europe  and  this  continent  as  well  on  the  subject  of  electrifi- 
cation. In  South  America  they  are  working  on  it;  they  have  a 
number  of  large  propositions  and  are  quite  wide  awake  in  ChiU, 
Peru,  Brazil  and  in  the  Argentine.  They  are  doing  wonderful 
things  down  there.  In  Europe  they  are  very  much  alive  to  the 
subject,  and  with  the  exception  of  the  Italian  State  railways 
all  countries  have  adopted  single  phase  as  the  medium  for  the 
electrification  of  railways.  So  that  we  are  not  alone  in  this 
country  in  advocating  that  system.  It  is  the  standard  which  has 
been  selected  after  great  thought  and  study  by  the  Germans, 
the  Swiss,  the  French  and  the  Swedes  and  it  has  been  introduced 
in  England.  I  received  a  paper  a  couple  of  weeks  ago  which 
follows  exactly  the  same  line  with  Mr.  Murray's.  It  is  written 
by  Philip  Dawson.  He  is  a  prominent  engineer  in  London  who 
has  superintended  the  electrification  of  the  branch  of  the  Lon- 
don, Brighton  &  South  Coast  Railway  there.  That  is  a  line  at 
present  only  about  nine  miles  in  length,  almost  within  the 
limits  of  the  City  of  London.  They  adopted  for  that  the  single 
phase  system,  in  spite  of  the  most  tremendous  opposition  among 
engineers  there  wluch  has  been  practically  of  the  same  nature  as 
in  this  country.  They  adopted  it  and  after  several  years,  for 
things  move  very  slowly  in  the  old  country,  they  put  it  in  service 
about  a  year  and  a  half  ago,  and  I  had  the  great  pleasure  of 
going  over  the  line  with  Mr.  Dawson  last  spring,  and  he  ex- 
plained to  me  how  well  they  were  operating,  and  I  could  see 
from  the  results  they  were  getting  that  everything  was  running 
in  splendid  shape.  The  work  was  not  pushed  as  fast  as  it  was  on 
the^New  Haven  road  and  they  had  the  advantage  of  the  experi- 
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ence  of  other  roads  which  had  been  operated  before  they  started 
out,  so  that  I  don't  think  they  have  had  as  many  interruptions 
and  as  much  grief  as  we  had  on  the  New  Haven  road.  But  they 
are  getting  splendid  results  and  Mr.  Dawson's  paper  is  a  strong 
endorsement  of  the  system.  The  result  is  just  the  same  as  it  is 
in  New  Haven.  They  are  going  to  extend  it;  they  are  going 
to  extend  it  right  away,  and  they  have  voted  the  money  for  that 
purpose.  It  is  a  very  noteworthy  point,  that  single  phase 
.  railways  are  as  a  rule  extending  their  lines,  but  it  is  not  very 
often  the  case  with  the  direct  current  lines;  when  it  comes  to  the 
electrification  of  steam  railways  they  hold  on  a  long  time  before 
they  extend  them  beyond  the  limitations  which  are  required  by 
law.  The  B.  &  O.  Railway  electrified  its  tunnel  at  Baltimore 
ten  or  fifteen  years  ago  and  it  has  the  same  length  of  elec- 
trification today  as  it  did  then.  It  is  a  success  as  far  as  it  goes. 
The  New  York  Central  electrified  at  the  same  time  that  the  New 
Haven  did,  or  somewhat  before,  but  we  don't  hear  any  talk  of 
their  extending  their  electrification,  but  the  New  Haven  elec- 
trified with  the  single  phase  system  is  pushing  right  ahead .  They 
have  a  system  which  is  flexible  and  it  will  admit  of  the  greatest 
degree  of  extension.  The  London,  Brighton  &  South  Coast  in 
England  is  the  same  way;  they  can  expand  and  extend  their  lines. 

I  have  been  making  a  few  calculations  lately  about  the  loss  in 
power.  On  a  direct  current  system  or  any  system,  with  1,500 
volts  on  the  line,  with  a  Une  say  20  miles  long,  with  two  Number 
0000  wires  for  overhead  conductors,  with  a  station  at  each  end 
of  that  20  mile  line,  you  run  a  single  car  over  that  line  at  schedule 
speed  of  about  40  miles  an  hour  and  you  will  lose  five  per  cent  of 
your  energy  in  the  line.  That  is  with  a  line  only  20  miles  long 
with  a  sub-station  at  each  end  and  about  1,500  volts  on  the  line, 
and  only  one  car.  If  you  run  two  cars  in  one  train  it  will  double 
your  percentage  of  loss.  Take  a  single  phase  system  with  11,000 
volts  on  the  line,  a  40  mile  line  feeding  from  one  end  only,  and 
your  average  loss  in  that  line  with  a  car  going  over  it  will  prob- 
ably not  be  more  than  one  half  what  it  wotdd  be  with  the  single 
car  on  the  20  mile  stretch. 

Single  phase  equipment  is  unquestionably  heavy;  it  is  heavier 
than  the  direct  current  or  three-phase  equipment.  For  that 
reason  it  requires  more  power  to  carry  the  car  over  the  line,  but 
when  you  consider  the  loss  in  the  line  between  the  car  and  the 
substation  you  wiU  find  it  is  on  the  other  side  of  the  ledger  before 
you  get  past  the  substation.  There  is  more  power  required 
for  the  low  voltage  system.  You  have  got  to  have  high  voltage 
in  order  to  make  electrification  a  financial  success. 

B.  G.  Lamme:  Mr.  Storer  has  already  discussed  the  loco- 
motive very  fully  and  therefore  I  will  confine  my  remarks  to 
certain  general  features  of  the  system,  which  Mr.  Murray  has 
mentioned,  but  has  not  emphasized  as  fully  as  might  be. 

Take,  for  instance,  the  original  system  proposed  for  the  New 
Haven  Railway.     It  was  planned  to  use  high  voltage  directly 
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from  the  generator,  11,000  volts  at  *25  cydes  feeding  directly 
into  the  overhead  line.  One  terminal  of  the  generator  was  to  be 
permanently  grounded.  This  meant  that  the  supply  system 
contemplated  an  11,000  volt  generating  plant  with  one  terminal 
permanently  grounded,  connected  without  transformers  to  a 
trolley  system  comprising  over  100  miles  of  11,000  volt  overhead 
line.  This  was  a  new  and  untested  condition.  A  further  fea- 
ture contemplated  in  this  system  was  that  it  had  to  be  capable 
of  almost  unlimited  expansion  without  undue  loss  or  excessive 
complication. 

The  locomotive  was  also  a  new  type  of  apparatus,  but  de- 
signed along  the  lines  laid  out  originally  for  the  single-phase 
system,  in  which  single-phase  commutator  motors  with  voltage 
control  were  to  be  u^.  By  this  control  the  speed  of  the  loco- 
motive was  to  be  varied  over  any  range  from  zero  to  maximum 
speed,  simply  by  varying  the  voltage  supplied  to  the  motors  by 
means  of  a  step-down  transformer  on  the  locomotive  itself.  At 
the  same  time  the  locomotive  was  dedgned  to  operate  on  600  volts 
direct  current  as  well  as  on  11,000  volts,  25  cycles  alternating 
current. 

This  New  Haven  system  was  installed  along  the  above  lines 
and  has  been  carried  through  to  an  entirely  successful  operating 
condition  and,  while  certain  minor  changes  have  been  made,  it . 
will  be  almost  impossible  for  an  electrical  layman,  as  you  might 
call  him,  to  find  these  changes.  I  mean  by  this,  that  if  he  had 
looked  over  the  system  rather  completely  in  the  first  place  and 
would  look  over  the  present  system  and  equipment,  it  would  be 
difficult  for  him  to  see  any  differences  or  changes  which  would 
appeal  to  him  as  being  of  any  controlling  importance.  However, 
a  number  of  changes  from  the  original  installation  have  been 
made,  and  I  wish  to  call  attention  to  the  fact  that  these  changes 
have  consisted  almost  entirely  of  additions  to  the  system  and 
equipment  to  meet  unknown  or  new  conditions  which  have  de- 
veloped since  the  system  was  first  installed,  that  is,  these  changes 
have  not  been  made  to  correct  what  might  be  called  mistakes 
or  errors  in  the  original  layout.  Also,  a  number  of  the  modifica- 
tions may  have  been  in  the  nature  of  developments  which  will 
find  application  in  other  fields  besides  single-phase  railway  work. 
Take,  for  example,  the  generating  plant.  In  order  to  adapt  very 
large  capacity  generators  for  single-phase  railway  operation, 
new  problems  were  encotmtered  wluch  had  not  proven  serious  in 
small  size  machines.  For  instance,  complete  cage^  dampers 
were  put  on  the  rotors  of  the  generators  to  repress  the  pulsations 
due  to  the  single-phase  armature  reaction.  Since  these  ma- 
chines were  installed  it  has  become  a  recognized  practice  in  all 
very  large  high-speed  single-phase  generators  to  equip  the  rotors 
with  some  sort  of  cage  dampers.  Such  generators  are  coming 
into  use  for  other  purposes  besides  railway  work,  electrochemical 
work  and  electrofusion  being  examples. 

Take  another  feature  of  the  generating  plant,  namely,  the 
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addition  of  choke  coils  in  the  leads  between  the  generator  and 
the  overhead  system,  as  was  described  in  connection  witii  Mr. 
Murray's  former  paper  before  the  American  Institute  in  De- 
cember 1909.  These  choke  coils  were  added  for  the  purpose 
of  reducing  the  enormous  current  rushes  which  occurred  in  the 
case  of  short  circuit  on  the  line.  This  practice  of  using  choke 
coils  for  the-  protection  of  large  turbo-generators  is  now  being 
applied  in  a  ntunber  of  cases^  in  connection  with  three-phase  high 
voltage  machines.  Tlie  application  of  this  principle  which  is 
used  in  the  New  Haven  single-phase  plant  is  now  being  carried 
into  other  fields  than  single-phase  railway  work. 

Take  another  feature,  namely,  the  selective  system  which  is 
developed  in  connection  with  the  New  Haven  overhead  system. 
In  this  system,  in  case  of  a  short  circuit,  a  resistance  was  intro- 
duced to  take  up  the  load  before  opening  the  circuit.  The  object 
was  to  avoid  suddenly  opening  an  enormous  inductive  load,  with 
consequent  possible  disturbances  on  the  generators  and  system. 
In  order  to  open  the  circuit  the  inductive  load  was  first  trans- 
formed to  an  energy  load  by  means  of  the  introduction  of  re- 
sistance, and  then  this  energy  load,  of  considerably  reduced 
amount,  was  opened  by  the  breakers.  This  arrangement  con- 
tains the  germ  of  a  practice  which  may  eventually  be  carried  into 
the  whole  field  of  transmission  work. 

Considering  the  transmission  line,  the  use  of  the  steel  trolley 
wire  below  the  main  wire  may  be  regarded  as  an  addition  pure 
and  simple,  and  a  very  helpful  addition  from  a  mechanical 
standpoint.  The  original  copper  trolley  wire  served  two  pur- 
poses, namely,  as  a  feeder  or  conductor,  and  as  a  contact  wire 
for  supplying  current  to  the  locomotive.  The  addition  of  the 
steel  wire  takes  away  from  the  copper  wire  its  fimction  of  a 
contact  wire,  but  it  still  serves  its  function  as  a  conductor.  The 
copper  wire  could  not  be  taken  out  and  the  steel  put  in  place  of 
it^  as  the  low  resistance  of  the  copper  conductor  is  needed. 
Therefore,  the  copper  still  serves  its  more  important  function 
and  the  steel  wire  placed  beneath  it  takes  care  of  the  mechanical 
requirements. 

In  -the  locomotives  a  few  changes  have  been  made  since  the 
original  installation  but  they  have  been  of  a  comparatively 
nunor  nature.  The  principal  changes  have  been  in  the  nature 
of '  additions  rather  than  modifications.  For  example,  part  of 
the  control  system  was  increased  in  carrying  capacity  on  account 
of  the  fact  that  the  motor  capacity  acttially  provied  greater,  by 
about  15  per  cent,  than  originally  expected.  The  change  in  the 
control  to  take  advantage  of  this  increased  capacity  cannot  be 
charged  to  a  mistake  or  error,  but  should  be  credited  as  an  in- 
provement  to  obtain  increased  capadty.  The  original  guaran- 
teed continuous  capacity  of  the  locomotive  motors  was  about 
830  amperes.  Some  of  these  motors,  on  actual  test,  showed  a 
continuous  rating  of  approximately  1,000  amperes.  This 
increase  in  capacity  over  what  was  proposed  can  now  be  taken 
advantage  of  in  the  operation  of  the  system. 
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In  connection  with  the  original  overhead  system  there  was 
considerable  talk  about  tHe  possible  large  line  drop.  In  prac-. 
tice,  that  question  hias  not  troubled  anyone.  A  more  serious 
trouble  has  been  that  the  line  drop  has  been  very  small,  so  that 
in  case  of  short  circuit  anywhere  on  the  line,  enormous  current 
rushes  would  occur  which  were  destruction  to  the  system.  These 
were  later  taken  care  of  by  the  choke  coils  and  the  selective 
system,  as  mentioned  before.  This  low  line  drop,  however, 
is  just  what  is  required  if  extensions  are  to  be  made  in  this 
system.  Mr.  Murray  now  announces  that  the  present  overhead 
system  is  to  be  continued  down  into  the  Harlem  Yards,  and  his 
figures  indicate  that  even  with  the  enormous  extension  which  is 
contemplated  the  maximtmi  line  drop  will  still  be  comparatively 
small. 

Taking  this  system  as  a  whole,  it  may  be  noted  that  the 
original  voltage  of  11,000  has  been  maintained;  also,  the  original 
frequency  of  25  cycles.  No  transformers  had  been  added  and 
the  system  can  be  extended  as  originally  intended.  The  fact 
that  the  100  miles  of  overhead  work  is  now  being  increased  to 
500  miles  without  transformers  shows  the  flexibility  of  the 
system.  In  all  the  history  of  electrical  engineering  I  do  not 
Imow  of  any  undertaking  which  had  as  many  new  and  untried- 
features  as  this  system  has,  which  has  been  carried  through  to 
success  with  as  close  adherence  to  the  original  lines. 

There  is  one  feature  in  connection  with  the  generating  plant 
which  has  not  had  its  full  significance  brought  out  before.  I 
refer  to  the  use  of  11,000  volt  machines  with  one  terminal 
grotmded.  These  generators  have  three-phase  armature  wind- 
ings of  the  star  type  with  one  of  the  three  terminals  perma- 
nently grounded.  Two  of  the  legs  of  the  star  are  used  for  the 
single-phase  circuit,  while  the  tWrd  leg  is  used  in  connection 
with  certain  three-phase  work.  Across  the  railway  phase  the 
potential. is  regulated  for  11,000  volts  normal,  by  means  of  an 
automatic  regulator  in  connection  with  the  fields  of  the  .gen- 
erator. The  third  leg  gives  a  little  higher  voltage  norm^y, 
due  to  the  small  load  which  it.  carries  at  present.  Inconse- 
quence, its  voltage  is  usually  somewhere  between  11,000  and 
12,000  volts.  Assuming  this  at  11,000  volts,  then  in  these  ma- 
chines we  have  an  equivalent,  as  far  as  insulation  stresses  go, 
of  a  three-phase  generator  with  grounded  neutral  with  11,000 
voUs  between  the  neutral  and  the  terminals.  This  therefore  is 
practically  the  equivalent  of  a  19,000  volt  three-phase  generator 
with  the  neutral  grounded.  It  is  more  than  this,  as  it  is  the 
equivalent  of  a  19,000  volt  machine  with  the  neutral  grounded 
and.  with  the  terminals  tied  directly  to  100  miles  of  11,000  volt 
overhead  system  without  the  interposition  of  transformers.  This 
is  a  very  abnormal  condition  compared  with  anything  that  is 
being  done  in  this  country  at  present.  16,500  volts  is  the  highest 
generator  now  used  on  a  large  scale,  as  far  as  I  know.  But 
here  we  are  actually  running  under  conditions  corresponding  to 
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19,000  volts  with  the  hardest  kind  of  service  and  with  an  over- 
head line  without  transformers  which  is  going  to  be  extended 
to  about  500  miles.  Under  these  conditions  the  generating 
plant  has  made  an  extremely  good  record,  as  indicated  by  Mr. 
Miuray  in  his  table  of  delays  due  to  power  house.  I  may  say 
that  for  about  two  years,  or  possibly  more,  there  has  been 
practically  no  trouble  as  far  as  the  generators  are  concerned;  that 
is,  any  trouble  which  would  shut  down  the  system.  There  has 
been  one  breakdown  in  one  machine,  but  a  careful  examination 
of  this  one  case  developed  no  cause  for  the  breakdown  other  than 
a  damage  to  the  insulation  in  originally  putting  the  coil  on  the 
machine.  There  were  no  signs  of  deterioration  of  the  insulation, 
and  the  insulating  materials  on  the  damaged  coil  appeared  to  be 
as  sound  and  flexible  as  when  first  put  on.  So  here  we  are  run- 
ning machines  at  the  equivalent  of  19,000  volts  on  a  three-phase 
system,  and  during  two  years  there  has  been  continuous  service. 
This  is  a  most  excellent  record.  If  we  compare  this  with  a  late 
practice,  now  being  advocated  here  and  there,  of  winding  large 
turbo  generators  for  low  voltage,  such  as  2,2()0  volts,  and  then 
stepping  up  to  voltages,  even  as  low  as  6,600  volts,  we  can  see 
what  a  wonderful  thing  this  New  Haven  operation  is.  In  some 
cases  at  the  present  time,  11,000  volts,  or  even  6,600  volts  on 
the  generator,  is  being  condemned  as  bad  practice  because  of 
dangers  from  line  voltage,  stu-ges,  lightning  and  such  things,  but 
in  this  New  Haven  plant  there  are  100  miles  of  overhead  system 
under  conditions  where  it  is  exposed  to  surges  of  the  worst  sort. 

Referring  again  to  the  locomotives,  the  motors  were  popularly 
considered  as  the  questionable  feature  of  the  whole  system. 
Of  the  first  type  of  locomotive,  41  were  built,  all  of  the  gearless 
type  with  four  motors  each.  The  motors  furnished,  which 
were  250  to  300  h.p.  were  by  far  the  largest  up  to  that  time. 
These  motors  were  supplied  with  the  so-^lled  resistance  leads 
which  were  considered  by  many  to  be  a  very  harmful  feature 
and  a  source  of  great  loss.  These  locomotives  have  been  in 
operation  between  three  and  four  years  and  as  far  as  we  have  had 
an  opportunity  to  examine  the  resistance  leads  on  the  armatures 
of  these  locomotives  they  have  shown  no  signs  of  over-heating  or 
undue  loss.  In  fact,  in  one  case  which  I  examined  personally 
the  copper  winding  showed  more  evidence  of  heating  than  the 
resistance  leads.  It  should  be  borne  in  mind  also  that  at  times 
these  motors  have  been  very  heavily  overloaded.  The  record 
as  a  whole  may  be  considered  as  good  as  that  of  corresponding 
direct  cturent  motors. 

One  very  good  feature  has  developed  in  these  single-phase 
locomotive  motors,  namely,  they  are  able  to  commutate  well 
over  an  extremely  wide  range  of  speed.  In  the  ordinary  direct 
current  motor  of  the  non-interpole  type,  the  commutating  con- 
ditions become  perceptibly  worse  as  the  motor  speed  is  increased 
when  carrying  a  large  current.  On  the  single-phase  motor  this 
^pnditipji  is  not  encountered  to  the  same  extent.     The  short 
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circuit  current  in  the  resistance  leads  decreases  as  the  speed  is 
increased  so  that  the  reduction  in  such  current  with  higher  speed 
compensates,  to  a  considerable  extent,  for  the  effect  of  the  in- 
crease in  speed,  so  that  the  commutation  as  a  whole  seems  to  be 
equally  good  from  very  low  speed  up  to  very  high  speeds.  This 
is  of  particular  advantage  in  a  system  where  voltage  control  is 
used,  for  it  allows  us  to  push  up  the  voltage  applied  to  the  motors 
whenever  there  is  occasion  to  do  so. 

Mr.  Murray  mentioned  a  new  locomotive  of  the  side-rod  type, 
with  two  large  motors.  These  motors  are  of  nominally  600  h.p. 
continuous  rating  at  about  200  revolutions  at  normaJ  voltage. 
Claims  have  been  made  from  time  to  time  that  with  25  cycles  it 
was  not  possible  nor  practicable  to  build  single-phase  motors  of 
more  than  200  or  300  h.p.  continuous  rating,  but  tests  on  these 
600  h.p-motors  indicate  that  they  work  just  as  well  as  motors  of 
100  h.p.,  for  instance.  These  motors  have  been  loaded  up  to 
100  per  cent  overload  current  and  they  commutate  just  as  well 
as  smaller  ones. 

In  conclusion,  I  will  say  that  the  single-phase  system  in  this 
country  has  its  greatest  example  in  the  New  Haven  electrifica- 
tion. There  are  also  a  number  of  smaller  systems  which  use 
single-phase  railway  motors,  such  as  the  Spokane  &  Inland  Rail- 
way in  the  far  West,  and  the  Samia  Tunnel  near  Detroit,  which 
uses  single-phase  electric  locomotives  entirely.  In  Europe  they 
have  not  put  the  single-phase  system  into  commercial  use  on  as 
'large  scale  as  in  America,  but  in  a  number  of  European  countries 
the  single-phase  system  already  has  been  adopted  as  standard 
for  heavy  railway  work,  and  they  are  expecting  to  install  the 
system  on  a  comparatively  heavy  scale  in  the  near  future. 
Although  the  experience  in  Europe  with  this  system  is  as  yet  more 
limited  than  in  this  country,  yet  it  has  satisfied  them  that  the 
system  can  be  adopted  for  main  railway  electrification. 

W.  S.  Murray:  With  the  exception  of  Messrs.  Sprague  and 
Katte,  those  who  have  contributed  to  the  discussion — ^both  on 
the  American  and  Eturopean  side — seem  to  be  in  general  agree- 
ment with  the  author,  but  for  a  few  exceptions  with  reference 
to  details  of  the  system.  The  author  is  left,  after  reading  the 
discussion,  with  the  impression  that  single-phase  power  is  cor- 
rectly used  when  applied  to  tnmk  line  roads  inclusive  of  terminal, 
suburban  and  yard  rails.  The  opening  paragraph  of  the  paper 
advocates  this  application,  and  it  is  most  gratifying  to  find  the 
general  support  of  this  recommendation. 

Mr.  Sprague  implies  that  I  said  that  the  time  has  come  when 
the  electrical  engineer  can  say  that  there  is  but  one  system  of 
electrification  to  meet  all  the  varied  problems  of  railroading. 
Nowhere  in  the  paper  is  such  a  statement  made,  nor  one  that 
could  be  interpreted  to  involve  such  a  conclusion.  It  should 
be  remembered  that  street  railways  and  trunk  lines  are  two 
entirely    different   propositions.     In   answer   to   the   criticism 
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that  no  mention  of  costs  is  made  in  the  paper  I  call  attention 
to  that  part  of  my  paper  devoted  to  electrification  costs  and 
imder  this  is  discussed  power  house,  line  and  locomotive 
costs,  and  with  the  closing  remarks  that  "  not  until  the 
electrical  system  of  the  New  Haven  Road  is  a  unit  in  itself, 
rather  than  a  mixed  service  of  steam  and  electricity,  can  its 
true  economies  of  electrical  traction  be  discussed  ".  An  ex- 
tension to  New  Haven  will  give  this,  though  even  then  the 
highest  economies  of  the  single-phase  system  cannot  be  realized, 
due  to  the  necessity  of  a  large  portion  of  locomotives  and  multiple 
imit  equipment  being  required  to  do  dual  service  on  alternating- 
current  and  direct-ctirrent  lines.  As  the  electrification  only 
covers  1/5  of  the  zone  ultimately  to  be  included  it  is  not  expected 
that  information  as  to  operating  costs  would  be  of  great  value. 
It  does  not  advance  the  application  of  electricity  to  raihroads  to 
proclaim  the  disappointment  at  not  receiving  data  which  is 
practically  imavailable  to  the  railroad  company  itself. 

Mr.  Sprague  summarizes  the  railway  system  advocated  in  the 
paper  by  the  following  characteristics: 

1.  "  Single  phase  transmission  at  a  potential  limited  by  the 
requirements  of  the  trolley  wire  from  central  stations  equipped 
with  generators  built  with  variable  voltages  and  operated  with 
groimded  circuits  ". 

2.  *'  The  abolition  of  the  step-up  and  step-down  transformers." 

3.  *■  A  potential  of  11,000  volts  or  higher  on  a  trolley  line  in 
contiguous  territories,  but  with  entire  freedom  to  change  that  • 
voltage  to  something  different  on  remote  lines.*' 

4.  **  The  abolition  of  the  single-phase  25  cycle  motor  and  the 
substitution  therefore,  as  a  possibHity  in  the  near  or  the  dim 
future,  of  a  single  phase  induction  motor,  or  in  lieu  of  that  the 
much  criticized  direct-current  motor  supplied  by  a  mercury 
rectifier  or  its  equivalent.*' 

Commenting  on  these  characteristics  it  should  be  noted  in 
connection  with  (1)  that  variable  voltage  generators  were  not 
included.  The  New  Haven  road  has  used  and  intends  to  use 
only  constant  potential  generators  tmless  later  conditions  re- 
quire otherwise.  With  reference  to  (2),  the  system  described 
does  not  rule  out  the  step-up  or  step-down  transformer.  We 
are  contemplating  using  some  shortly  but  the  distances  of  our 
transmissions  to  date  are  short  enough  to  be  economical  with- 
out them. 

With  reference  to  (3)  Mr.  Sprague  states  the  situation  cor- 
rectly. 

With  reference  to  (4).  It  is  common  knowledge  that  the 
cost  of  power  stations  of  the  single-phase  or  three-phase  type 
may  be  equated.  It  is  common  knowledge  that  single  phase 
propulsion  equipment  is  more  costly  than  direct-current  equip- 
ment ;l&ti/  it  is  also  common  knowledge  among  those  who  have  had 
practical  experience  with  the  accounts  incident  to  alternating-current 
and  direct-current  operation  that  it  is  in  the  distribution  system  thai 
th^  economy  of  single-phase  traction  lies. 
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Having  admitted  that  direct-current  propulsion  equipment  is 
less  costly  than  alternating-current,  and  notwithstanding  this 
fact  that  the  single-phase  system  is  more  economical  than  the 
direct-current  system,  why,  if  25  cycles  is  the  frequency  more 
conducive  toward  a  reduction  in  propulsion  apparatus  cost  for 
the  reasons  mentioned  in  the  paper,  should  it  not  be  advocated? 

Thus  I  believe  that  the  discussion  has  wandered  from  the 
particular  points  and  system  described  in  my  original  paper. 

Mr.  Katte  criticises  the  absence  from  my  paper  of  figures  for 
relative  costs  per  ton  mile  of  steam  and  electric  trains  in  similar 
services.  Yet  in  the  same  paragraph  of  his  discussion  says 
**  Here  I  may  add  that  cost  figures  for  comparative  performances 
on  the  N.  Y,  C.  system  are  not  available  for  the  reason  that 
the  service  is  still  mixed  steam  and  electric  ",  thus  ignoring 
the  fact  that  the  same  diflSculty  exists  on  the  New  Haven, 
There  is  in  addition  the  complication  due  to  the  operation  with 
both  single-phase  and  direct  current. 

In  connection  with  the  subject  of  train  delays  which  is  brought 
out  in  Mr.  Katte's  tables  due  consideration  should  be  given 
to  the  relative  ages  of  the  two  systems  employed.  It  is  not 
remiss  to  mention  here  that  of  all  the  roads  entering  New 
York  City,  the  New  Haven  had  last  year  the  record  of  handling  • 
the  highest  percentage  of  trains  on*  time. 

Mr.  Katte  claims  a  higher  efficiency  for  the  New  York  Central 
locomotives  than  for  the  New  Haven.  He  states  that  trains  of 
similar  weight  are  handled  by  the  New  York  Central  at  an  average 
energy  consumption  of  23  watt-hr.  per  ton  mile  Whereas  he  gives 
figures  for  the  alternating-current  nm  between  Woodlawn  and 
Stamford  on  the  New  Haven  of  32.5  watt-hr.  per  ton  mile.  I  do 
not  know  where  the  figure  for  the  New  Haven  services  was 
obtained  but  I  deny  that  for  equal  conditions  of  load  and  ser- 
vice the  New  Haven  takes  42  per  cent  more  power  than  the 
New  York  Central. 

My  own  calculations  are  based  on  the  fact  that  it  is  conceded 
that  the  alternating-current  motor  has  a  range  of  efficiency 
2  per  cent  below  that  of  the  direct-current  motor.  The  published 
curves  of  the  New  Haven  and  New  York  Central  locomotives 
show  this.  Under  the  condition  named  the  watt-hours  per  ton 
mile  are  a  straight  function  of  the  locomotive  efficiency,  which 
n^eans  a  difference  of  2  per  cent  as  against  42  per  cent.  More- 
over, carrying  these  calculations  back  to  the  power  house  the 
fact  should  be  borne  in  mind  that  a  15  per  cent  saving  in  trans- 
mission losses  offsets  the  loss  in  the  motor  over  six  times.  The  cost 
of  the  actual  coal  burning  is  proportional  to  the  energy  generated 
at*  the  power  ptation  and  not  to  that  constmied  by  the  locomotives. 

I  wish  to  take  this  opportimity  of  thanking  Messrs.  Fritch, 
Woodbury,  Jackson,  Storer,  Lieb,  Scott,  Dawson,  Smith, 
Taylor,  Lamme,  Graftio,  Kapp  and  Steinmetz  for  their  liberal 
discussion  of  the  paper.  I  find  myself  with  the  feeling,  after 
reading  their  contribution  to  the  discussion,  that  in  the  specific 
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matter  of  what  type  of  electrification  should  be  applied  to 
trunk  line  rails  inclusive  of  terminal,  suburban  and  yard  service, 
that  if  not  entirely  individually  sustaining,  their  general  con- 
clusion sustains  the  author's  point  of  view.  Some  of  these 
gentlemen  have  differed  with  the  author,  and  quite  decidedly  in 
points  of  detail,  and  for  this  difference  of  opinion  I  of  course 
hold  only  the  highest  respect  and  acknowledge  the  valuable  in- 
formation presented. 

Briefly  commenting  on  the  discussion  of  the  gentlemen  above 
referred  to,  it  is  extremely  gratifying  to  find  Mr.  Fritch  in  agree- 
ment with  my  recommendations  as  to  standardization.  He 
epitomizes  the  situation  in  saying:  "  As  long  as  the  system  is 
not  established  you  are  simply  furnishing  ammunition  for  those 
who  do  not  desire  to  electrify.''  Particularly  pertinent  do  I  con- 
sider Mr.  Fritch's  remarks  with  reference  to  the  electrification 
of  yards.  By  the  use  of  the  overhead  system  the  problems  of 
readjustment  of  obstacle  and  equipment  clearances,  the  dis- 
barment of  certain  classes  of  rolling  stock  and  the  general 
complication  and  awkwardness  incident  to  a  ground  conductor 
are  eliminated  and  the  yards  and  terminals  can  be  treated,  in 
so  far  as  ground  conditions  are  concerned,  in  a  manner  exactly 
as  in  the  past.  It  is  common  knowledge  that  in  yards  the  least 
amount  of  money  possible  is  spent  on  track  and  ballast — two 
items  in  intimate  difficult  relationship  with  reference  to  the  ad- 
justment of  the  ground  conductor  (third  rail)  whose  location  is  a 
matter  of  the  fraction  of  an  inch,  while  in  the  case  of  the  over- 
head wire  its  unit  of  adjustment  is  the  foot.  The  simplicity  of 
the  overhead  construction  and  its  susceptibility  to  a  standarcfiza- 
tion  for  all  railroads  is  easily  apparent. 

I  have  read  with  a  great  deal  of  interest  and  instruction  Mr. 
Woodbridge's  discussion  with  reference  to  the  matter  of  storage 
batteries  for  trunk  lines,  and  I  am  interested  to  note  that  he 
believes  there  are  places  where  the  battery  would  be  of  economic 
value.  It  is  due  Mr.  Woodbridge  for  me  to  say  that  I  had  the 
specific  cases  of  the  New  Haven  and  the  New  York  Central 
electrifications  in  mind.  In  the  case  of  the  former  it  would  have 
been  quite  uneconomical,  and  having  conferred  with  the  New 
York  Central  engineers  about  the  installations  of  the  batteries 
upon  their  lines,  I  was  advised  that  had  they  to  do  it  over  they 
would  not  be  installed,  and  in  their  contemplated  extensions  no 
batteries  would  be  installed.  It  might  be  well  to  say  here  also 
that  both  the  New  Haven  and  the  New  York  Central  roads  are 
of  a  class  typical  (in  the  heavier  form)  of  trunk  lines  I  have  had  in 
mind  in  connection  with  recommendations  made  in  the  paper. 

With  reference  to  the  closing  paragraph  of  Mr.  Smith's  dis- 
cussion, which  seems  to  epitomize  what  has  preceded  it,  I  would 
say  I  am  heartily  in  agreement  with  Mr.  Smith  that  the  future 
may  develop  some  method  less  costly  both  as  to  investment  and 
daily  operation  than  the  system  now  employed  by  the  New 
Haven  road  for  the  electrical  operation  of  its  trains.     I  should 
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indeed  be  greatly  disappointed  if  what  we  have  today  is  not 
greatly  improved  upon  in  the  future.  Let  us,  however,  while 
hoping  for  better  things,  not  hesitate  to  go  ahead  with  the 
foundations  already  laid.  Because  we  may  believe  what  we 
have  is  the  correct  tmderlying  principle  and  advance  it  in  every 
way  in  the  field  of  practical  application,  cannot  possibly  dim 
'the  chances  of  some  better  system  of  the  future  to  take  its  place. 

I  feel  that  the  tmderlying  principles  of  the  single-phase  system 
have  been  sufficiently  exposed  to  ratify  its  post,  and  to  build 
on  them  in  the  future.  In  my  opinion  it  will  be  more  costly  to 
wait  than  to  go  ahead.  It  cannot  be  denied  that  a  universal 
standard  of  trunk  line  electrification  would  be  most  acceptable 
to  all  railroads.  With  the  exception  of  a  very  few  engineers,  we 
hear  it  said  that  all  three  systems  will  work — the  direct  current, 
three-phase  and  single-phase.  If  this  is  so,  then  let  us  elect  one 
and  apply  it  to  trunk  lines  to  be  electrified,  and  I  believe  we  have 
enough  data  to  date  to  show  that  the  single-phase  for  this  class 
of  electrification  has  inherent  in  it  the  economic  factors  necessary 
to  its  selection  as  the  standard.  It  seems  to  me  the  time  is  at 
hand,  or  very  nearly,  when  we  must  select  and  not  enumerate. 
There  is  a  limit  to  the  capacity  of  any  ship.  If  she  has  to  carry 
much  more  discussion  she  may  sink. 

I  am  very  glad  to  have  Dr.  Steinmetz'  agreement  with  refer- 
ence to  frequency.  The  reasons  he  has  presented,  together  with 
those  mentioned  in  the  paper  in  connection  with  the  possible 
future  introduction  of  the  induction  or  direct-current  motor, 
still  using  the  single  phase  system  of  distribution,  would  seem  to 
be  entirely  consistent. 

I  think  Mr.  Taylor  has  brought  out  a  good  point  of  informa- 
tion, with  reference  to  the  difference  between  phase  and  voltage 
balance,  and  while  what  he  says  is  quite  true,  I  do  not  see  that  it 
makes  necessary  any  change  in  the  quotation  he  has  cited  from 
the  paper. 

With  reference  to  Mr.  Lamme's  and  Mr.  Storer's  discussion,  I 
can  only  express  my  thanks  for  the  interesting  points  brought 
out  with  reference  to  the  generator  and  locomotive  features  of 
the  system;  the  developments  in  these  departments  being  due 
almost  entirely  to  the  patience,  pluck  and  ingenuity  of  these 
gentlemen. 

With  reference  to  Mr.  Graftio's  discussion,  I  cannot  see  how 
his  "  Queen  "  (the  steam  locomotive)  can  be  used  as  a  reason 
against  a  choice  of  system  for  standardization.  His  "  Queen  " 
includes  in  it  all  the  variable  (speed  and  torque)  characteristics 
that  have  unified  steam  standardization,  and  they  can  be  all 
duplicated  in  single-phase  locomotives. 

Mr.  Kapp's  conclusion  with  reference  to  standardization  is 
most  encouraging.  It  is  interesting  to  note  that  in  Europe  there 
is  a  strong  trend  to  standardize  and  it  is  most  gratifying  to  know 
that  for  trunk  lines  the  type  of  electrification  has  practically 
been  settled  upon  in  favor  of  single-phase. 
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The  paper  was  presented  to  give  up  to  those  who  have  re- 
sponsibilities, or  to  whom  later  responsibility  for  electrification  of 
steam  road  bed  may  come,  information  that  to  the  date  of  the 
paper  had  been  collecting  in  my  files.  Minute  costs  relating  to 
investment  and  operation,  due  to  the  incomplete  state  of  electric 
engine  stage  (division  run)  was  avoided  and  this  feature  of  ^ec- 
trification  was  touched  upon  only  in  the  most  general  way.  The 
now  acknowledged  and  indisputable  principles  of  economy  in- 
herent to  the  single-phase  system  as  applied  to  the  trunk  line 
system  is  the  guarantor  of  the  results  that  may  be  reasonably 
expected  when  a  sufficient  time  has  passed  to  stretch  its  length 
into  an  engine  stage. 
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AUTOMATIC  MOTOR  CONTROL  FOR  DIRECT 
CURRENT  MOTORvS 


BY   ARTHUR   C.    EASTWOOD     . 


"  The  flexibility  of  the  electric  motor  "  is  a  well  worn  phrase 
and  one  which  is  quite  commonly  accepted  at  its  face  value. 
As  a  matter  of  fact  an  electric  motor  has  quite  definite  charac- 
teristics, and  these  characteristics  usually  must  be  modified  by 
some  form  of  controller  to  adapt  a  given  motor  to  varjring  con- 
ditions. 

At  the  present  time  there  is  probably  no  branch  of  industry 
in  which  a  machine  is  used  which  has  not  been  invaded  by  the 
electric  motor.  This  general  use  of  electric  motors  carries  with 
it  the  fact  that  these  motors  are  daily  started  and  controlled  by  al 
classes  of  operators,  from  the  most  highly  skilled  to  the  most  ig- 
norant and  careless. 

Where  a  manually  operated  starter  is  used,  the  rapidity  with 
which  the  starting  resistance  is  cut  out,  and  hence  the  acceler- 
ating current,  is  left  to  the  judgment  of  the  operator.  If  the 
operator  be  ignorant  or  careless,  damage  to  the  motor  and  to  the 
driven  machine  may  result  from  cutting  out  the  starting  re- 
sistance too  rapidly.  On  the  other  hand,  if  he  is  over-cautious 
he  may  consume  more  than  the  necessary  period  in  cutting  out 
the  starting  resistance,  causing  a  waste  of  time,  and  possibly  also 
a  burned  out  rheostat.  Or,  if  an  operator  be  transferred  from  a 
machine  which  has  small  inertia  and  starts  easily  to  a  machine 
or  tool  which  has  great  inertia  (such  as  a  punch  press  having 
a  heavy  flywheel),  if  he  has  not  been  previously  instructed  in  the 
starting  of  the  heavy  machine,  this  part  of  his  education  may 
prove  expensive  to  his  employer. 

Where  motors  are  to  be  reversed  as  well  as  simply  started, 
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the  possibility  of  damage  to  the  motor  and  driven  machinery, 
due  to  careless  manipulation  of  the  controller,  is  much  greater 
than  is  the  case  in  simple  starting  because,  if  the  motor  connec- 
tions be  suddenly  reversed  while  the  motor  is  running,  the  counter 
e.m.f .  of  the  armature  becomes  additive  to  the  line  voltage  until 
such  time  as  the  armature  has  been  brought  to  rest.  In  the  case 
of  series  wound  motors  running  under  light  load  or  of  shtint 
wound  motors  running  with  weakened  field,  the  voltage  im- 
pressed on  the  armature  and  the  starting  resistance  may  readily 
be  several  times  the  normal  line  voltage.  Destructive  currents 
may  therefore  occur  if  the  resistance  is  cut  out  too  rapidly  in  the 
reverse  direction. 

Obviously  the  ideal  arrangement  for  starting  or  reversing  a 
motor  is  a  starter  or  controller  which  will  "  do  the  thinking  for 
the  operator  ",  leaving  it  to  him  to  simply  push  a  lever  to  start 
the  motor  and  pull  the  lever  to  stop  the  motor. 

In  the  case  of  any  motor-driven  machine  or  tool  there  is  a 
maximum  safe  accelerating  current  which  should  not  be  ex- 
ceeded. This  maximum  safe  current  may  be  determined  by  the 
ability  of  the  motor  to  commutate  properly,  or  it  may  be  de- 
termined by  other  conditions  such  as  the  slipping  point  of  belts 
in  a  belt  drive. 

The  ideal  starter  or  controller  should  be  so  arranged  that  this 
maximum  safe  current  cannot  be  exceeded.  It  should  also  be 
so  arranged,  in  the  interests  of  efficiency  both  as  to  current  and 
to  time,  that  the  current  during  acceleration  will  be  kept  as 
closely  as  practicable  up  to  the  safe  maximum  value.  In  other 
words,  the  starter  must  automatically  interpret  load  conditions. 
If  the  load  be  light  the  starter  must  see  to  it  that  the  motor 
is  brought  up  to  speed  quickly,  while  if  the  load  be  heavy,  the 
period  of  acceleration  must  be  correspondingly  longer. 

In  the  past  there  have  been  several  types  of  starters  and  con- 
trollers which  have  approximated  the  characteristics  above  de- 
tailed. First  may  be  mentioned  the  *'  time  element  ^'  type  in 
which  the  starting  resistance  is  always  cut  out  in  a  fixed  period  of 
time.  This  type  of  starter  falls  short  of  the  ideal  in  that  it  can- 
not adapt  itself  automatically  to  variation  in  load. 

Second,  the  '*  counter  e.m.f.  "  type  in  which  the  starting 
resistance  is  cut  out  by  a  magnet  or  magnets  which  respond  to  the 
counter  e.m.f.  of  the  motor.  This  type  of  starter  or  controller 
has  done  good  work  in  elevator  service  but  is  open  to  the  objec- 
tion that  its  action  is  disturbed  by  fluctuation  in  line  voltage. 
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Third,  the  "  current  limit "  type  in  which  the  cutting  out  of  the 
starting  resistance  is  governed  by  the  motor  current.  This  type 
is  generally  characterized  by  a  number  of  shunt-wound  mag- 
netically-operated switches  which  control  the  starting  resistance 
and  one  or  more  series  relays  which  respond  to  the  motor  current 
and  serve  to  check  the  successive  closure  of  the  resistance  switches 
when  the  accelerating  current  exceeds  a  predetermined  maxi- 
mum. This  type,  which  I  will  call  the  "  shunt  current  limit 
type  "  in  order  to  distinguish  it  from  another  type  to  be  later 
considered,  approaches  the  ideal  very  closely  and  has  been  the 
direct  means  of  introducing  the  electric  motor  in  many  applica- 
tions where  steam  and  hydraulic  power  had  been  the  previous 
standard. 

A  specific  instance  in  point  is  found  in  the  introduction  of  the 
motor  drive  for  "  reversing  mill  tables  "  in  steel  mills.  These 
tables  are  reversed  several  thousand  times  a  day,  and  up  to  less 
than  ten  years  ago  small  steam  engines  were  universally  used  to 
drive  them.  It  had  been  attempted  to  use  motors  for  the  pur- 
pose, but  with  manually  operated  controllers  and  operators  ac- 
customed to  operate  hydraulic  or  steam  valves  both  the  motors 
and  the  machinery  were  so  severely  punished  by  excessive 
currents,  due  to  cutting  out  the  starting  resistance  too  rapidly 
at  the  time  of  reversal,  that  the  arrangement  was  operative, 
in  a  practical  sense,  only  in  the  hands  of  a  skilled  and  careful 
operator,  and  was  too  delicate  to  be  used  as  standard  equipment 
in  a  steel  nwll.  The  advent  of  the  automatic  magnetic  controller, 
which  automatically  keeps  the  acceleration  ciurent  within  fixed 
limits,  overcame  the  difficulty.  With  this  type  of  control  the 
master  controller  can  be  operated  as  rapidly  and  roughly  as  a 
hydraulic  valve  with  no  danger  to  the  motor  or  the  driven  ma- 
chine. No  particular  skill  is  required  of  the  operator  in  starting 
or  reversing  the  motor.  It  is  left  to  him  to  simply  push  a  lever 
to  start  the  motor  and  pull  a  lever  to  reverse  the  motor.  He  is 
therefore  free  to  devote  all  of  his  attention  and  skill  to  the 
business  of  working  steel.  He  is  no  longer  a  combined  motor- 
man  and  steel-worker  but  a  steel-worker  pure  and  simple. 

In  addition  to  this  advantage  of  the  automatic  controller,  in 
that  it  eliminates  the  necessity  for  skill  on  the  part  of  its  operator, 
it  carried  with  it  other  advantages  having  a  direct  bearing  on 
increase  in  output.  Among  these  advantages  may  be  men- 
tioned the  following: 

1.  The  master-controller  is  small  and  easily  operated.     The 
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physical  endurance  of  the  operator  is  eliminated  as  a  factor  in 
the  output  of  the  mill. 

2.  By  keeping  tKe  accelerating  current  as  nearly  as  practicable 
up  to  a  safe  maximum  the  motor  is  always  brought  up  to  speed 
in  minimum  time. 

3.  By  keeping  the  current  at  the  instant  of  reversal  within  safe 
limits  delays  due  to  both  electrical  and  mechanical  breakdowns 
are  greatly  reduced. 

With  these  very  practical  advantages  demonstrated,  the 
electric  motor  with  automatic  control  was  very  promptly 
adopted  for  the  drive  of  mill  tables,  and  is  now  the  accepted 
standard  in  steel  mills  for  this  and  many  other  drives. 

The  shuni  type  of  current  limit  controller  accomplishes  the  re- 
sults for  which  it  is  intended  in  a  thoroughly  practical  and  satis- 
factory manner,  but  its  general  use  is  precluded  at  the  present 
time  by  the  fact  that  it  is  a  highly  organized  piece  of  apparatus 
which  is  too  complicated  to  be  readily  understood  by  an  ordinary 
electrician.  In  other  words,  while  the  shunt  type  of  current 
limit  controller  eliminates  skill  on  the  part  of  its  operator,  it 
requires  a  somewhat  skilled  electrician  for  its  proper  main- 
tenance. 

-  Some  recent  developments  in  automatic  motor  control  of  the 
current  limit  type  which  result  in  a  very  material  simplification 
of  the  controller  are  described  below.  This  new  type  of  auto- 
matic controller  or  starter  is  known  as  the  series  current  limit 
type  in  view  of  the  fact  that  the  magnetic  switches  which 
control  the  acceleration  are  series  wound  and  their  windings 
are  connected  in  series  with  the  motor  to  be  started  or  controlled. 

This  type  of  controller  is  made  possible  by  a  type  of  mag- 
netically-operated switch  which  possesses  remarkable  charac- 
teristics. 

This  switch  acts  not  only  as  a  switch  for  closing  a  circuit  and 
holding  it  closed,  but  acts  also  as  a  current  limit  relay  or  so- 
called  "  throttle  ".  If  the  current  which  flows  through  the 
winding  of  the  switch  is  below  a  certain  critical  value  the  switch 
will  close  instantly,  while  if  the  current  is  above  this  critical 
value  the  switch  will  "  lock  out  "  or  refuse  to  close  till  the  current 
has  been  reduced  to  the  critical  value.  Means  are  provided 
whereby  the  critical  value  of  current  below  which  the  switch 
will  close  and  above  which  the  switch  wiU  lock  out  may  be 
readily  adjusted,  thereby  adjusting  the  accelerating  current 
taken  by  the  motor. 
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Fig.  1  is  a  cross-sectional  view  of  a  typical  switch  of  this  type. 
In  this  illustration  /is  the  operating  coil,  which  as  previously 
mentioned  is  so  wound  as  to  adapt  it  for  connection  in  series 
with  the  motor  to  be  controlled.  This  winding  is  carried  by  a 
brass  tube  within  which  the  core  E  is  free  to  reciprocate  verti- 
cally. The  upper  end  of  the  core  E  carries  a  non-magnetic 
stud  to  which  is  attached  a  copper  contact  plate  G,  adapted  to 
make  contact  with  a  pair  of  contact  brushes  H  when  the  switch 


Fig.  1 

is  closed.  The  lower  end  of  the  core  E  is  reduced  in  cross-sec- 
tion and  fonns  a  stem  F  which  meets  the  body  of  the  core  to 
form  a  shoulder.  The  stem  F  passes  into  a  hollow  adjustable 
plug  C  which  is  of  magnetic  material.  The  winding  of  the 
switch  is  enclosed  and  protected  by  a  semi-cylindrical  iron  casing 
A  which  also  constitutes  the  rettirn  member  of  the  magnetic 
circuit.     The  upper  member  of  the  frame  or  case  A  is  provided 
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with  a  plug  or  pole  piece  B  of  magnetic  material.  When  current 
flows  through  the  winding  /  magnetic  flux  passes  between  the 
plug  B  and  the  upper  face  of  the  core  E.  Substantially  all  of  this 
flux  is  normal  to  the  face  of  the  core  E  and  is  effective  in  produc- 
ing a  magnetic  pull  tending  to  close  the  switch.  At  the  lower 
end  of  the  core,  however,  the  flux  has  two  paths.  One  of  these 
paths  is  from  the  horizontal  portion  of  the  frame  A  into  the  sleeve 
or  hollow  plug  C,  and  from  the  upper  face  of  this  sleeve  through 
an  air  gap  into  the  shoulder  on  the  core.  This  portion  of  the 
flux  takes  a  direction  practically  normal  to  the  face  of  the 
shotdder  on  the  core  and  produces  a  magnetic  pull  which  tends 
to  move  the  core  downward  or,  in  other  words,  tends  to  prevent 
actuation  of  the  switch.  Through  the  second  path  at  the 
lower  end  of  the  core  a  portion  of  the  flux  passes  directly  into 
the  stem  or  extension  F  in  a  direction  at  right  angles  to  the 
direction  of  motion,  and  this  portion  of  the  flux  is  therefore  not 
effective  in  producing  a  pull  on  the  core  £  in  a  vertical  direc- 
tion. The  total  flux  divides  between  those  two  paths  inversely 
as  their  reluctance.  With  a  small  current  in  the  winding  / 
substantially  all  of  the  flux  passes  directly  into  the  extension 
Fy  this  path  being  of  much  less  reluctance  than  the  path  in- 
cluding the  air  gap.  The  extension  F,  however,  is  of  restricted 
cross  section  and  as  the  magnetizing  force  is  increased  the  re- 
luctance of  this  path  increases  and  more  and  more  of  the  flux  is 
crowded  into  the  air  gap. 

The  core  E  is  then  acted  upon  by  two  forces — one  the  magnetic 
pull  at  its  upper  end  which  tends  to  close  the  switch,  and  the 
other  made  up  of  the  weight  of  the  moving  parts  plus  the  down- 
ward magnetic  pull  at  the  shoulder  on  the  plunger.  When  the 
current  is  below  a  certain  critical  value  the  upward  ptdl  is  greater 
than  the  downward  pull  plus  the  weight  of  the  moving  parts 
and  the  switch  will  close.  When  the  current  is  above  this 
critical  value  the  downward  pull  plus  the  weight  of  the  moving 
parts  predominates  and  the  switch  cannot  close. 

The  critical  point  below  which  the  switch  will  close  and  above 
which  it  will  "  lock-out  "  is  adjusted  by  screwing  the  adjustable 
plug  C  in  or  out  which  adjusts  the  lower  air  gap.  This  has  the 
effect  of  altering  the  reluctance  in  the  path  including  the  air 
gap  with  respect  to  the  reluctance  of  the  path  including  the 
stem  or  extension  F.  Screwing  in  the  plug  and  thereby  shorten- 
ing the  air  gap  has  the  effect  of  decreasing  the  value  of  current  at 
which  the  switch  will  "  lock-out  '\  while  increasing  the  air  gap 
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has  the  effect  of  increasing  the  value  of  current  at  which  the 

switch  will  "  lock-out  ". 

Fig.  2  is  a  reproduction  of  the  operating  curves  of  one  of  these 

switches.     The  ordinates  of  these  ciu-ves  read  in  amperes  and 

the  abscissas  in  fractions  of 
an  inch,  showing  the  length 
of  the  lower  air  gap. 

The  upper  curve  A  is  the 
"  lock-out  "  curve,  and  the 
lower  curve  B  shows  mini- 
mum current  at  which  the 
switch  will  close.  The  switch 
will  close  at  any  value  of  cur- 
rent between  the  two  curves 
as  measured  on  an  ordinate 
corresponding  to  the  length 

of   air   gap   tmder   consideration. 

It  will  be  observed  that  the  curve  JB  is  a  substantially  horizontal 

line  which  shows  that  the  minimum  current  at  which  the  switch 

will  close  is  very  little  affected  by  altering  the  lower  air  gap. 

The  form  and  general  pitch  of  the  operating  curve  B  are  matters 


Fig.  2 


Fig.  3 


Fig.  4 


of  design  into  which  the  diameter  of  the  stem  or  extension  at  the 
lower  end  of  the  core  relative  to  the  diameter  of  the  core  at  its 
upper  end  and  also  the  location  of  the  magnetizing  winding 
relative  to  the  two  air  gaps  in  the  magnetic  circuit  enter  as 
important  factors. 
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After  the  switch  has  closed  it  is  held  closed  through  a  sub- 
stantially closed  magnetic  circuit  and  it  will  therefore  be  held 
closed  till  the  current  in  its  winding  has  fallen  almost  to  zero. 
Since  both  the  winding  of  the  switch  and  also  its  contacts  are 
in  the  controlled  circuit  and  the  switch  will  not  open  till  the 
current  has  fallen  to  practically  zero,  it  follows  that  there  can 
be  no  arcing  at  the  switch  contacts,  and  hence  blow-outs  or 
other  arc-rupturing  devices  are  not  requ  rad. 

Figs.  3  and  4  illustrate  a  complete  unit  switch  of  this  type  in 
side  and  front  elevation.  Starting  with  this  unit  switch  as  a 
basis,  the  switch  being  both  a  switch  and  a  current-limit  relay 
combined  in  one  mechanism,  we  will  consider  some  typical 
combinations  of  these  switches  in  the  form  of  automatic  starters 
and  controllers  for  performing  various  fimctions. 

Fig.  5  is  a  diagram  of  connections  of  a  simple  form  of  automatic 
motor  starter  in  connection  with  a  compoimd  wotmd  motor 
having  the  armature  A,  series  field  F  and  shunt  field  /.     K  is 

the  starting  switch  which  is 

closed  by   the    operator    to 

start  the  motor  and  is  opened 

to  stop  the  motor,  this  being 

the  only  part  of  the  starter 

with  which  the -operator  has 

anything  to  do.    51,  52,  and 

53     are     three      automatic 

switches .  which   cqntrol    the 

starting  resistance. jR.     These 

switches  are  provided  with  series- wotmd  actuating  coils  CI,  C2 

and  C3  respectively.     The  switch  53  is  also  provided  with  a 

shunt-wound  holding  coil  HS, 

When  the  starting  switch  K  is  closed  current  flows  from  the 
positive  side  of  the  switch  through  the  armature  and  series  field 
of  the  motor,  the  entire  starting  resistance  R  and  the  actuating 
winding  CI  of  switch  51  to  the  negative  side  of  switch  K,  The 
motor  should  then  start,  and  although  the  actuating  winding  of 
switch  51  is  energized  this  switch  will  not  close  till  the  current 
has  dropped  to  the  value  for  which  the  switch  is  adjusted. 

When  switch  51  closes  the  first  section  of  resistance  VI  is 
short-circuited,  the  path  of  the  current  then  being  from  the 
switch  K  through  the  armature  and  series  field  of  the  motor, 
the  resistance  sections  73  and  F2,  the  winding  C2  of  switch  52, 
the  contacts  of  switch  51  and  the  winding  CI  of  switch  51 


Fig.  5 
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to  the  switch  K.  The  winding  C2  of  switch  52  is  then  ener- 
gized and  when  the  motor  current  has  dropped  to  the  value  de- 
termined by  the  adjustment  of  the  switch  it  will  close,  thus  short- 
circuiting  the  section  of  resistance  V2.  The  current  then  takes 
the  following  path:  from  the  switch  K  through  the  armature 
and  field  of  the  motor,  the  resistance  section  F3,  actuating  wind- 
ing C3  of  switch  53,  contacts  and  winding  of  switch  52,  and  con- 
tacts and  winding  of  switch  51  to  the  switch  K, 

The  actuating  winding  C3  of  the  last  accelerating  switch  is 
thus  energized  and  when  the  motor  current  has  dropped  to  the 
predetermined  accelerating  value  the  switch  53  will  close.  As 
switch  53  closes  the  circuit  through  its  shunt- wound  holding 
coil  HS  is  completed  at  the  contacts  of  the  switch  itself  and  the 
switch  is  held  closed  by  this  coil.  The  closure  of  switch  53 
throws  the  motor  across  the  line  through  the  following  path: 
from  the  positive  side  of  switch  K,  through  the  armature  and 
series  field  of  the  motor  and  the  contacts  of  switch  53  to  the 
negative  line  at  switch  K.  The  contacts  of  switch  53  are 
therefore  the  only  contacts  or  connections  in  the  motor  cir- 
cuit when  the  motor  is  running. 

It  will  be  observed  also  that  closure  of  switch  53  short-circuits 
all  three  of  the  actuating  coils  CI,  C2,  and  C3.  Switches  51 
and  52  therefore  drop  out,  while  switch  53  is  held  closed  by  its 
holding  coil  H3,  It  is  also  to  be  nofed  that  switch  51  m  closing 
closes  the  circuit  through  the  actuating  winding  of  switch  52, 
while  switch  52  closes  the  circuit  through  the  actuating  winding 
of  switch  53.  The  switches  are  thus  compelled  to  close  in  orderly 
sequence  without  recourse  to  auxiliary  or  "  interlock  "  contacts. 

To  stop  the  motor  it  is  merely  necessary  to  op^n  the  switch 
K.  In  case  of  failure  of  voltage  the  holding  coil  of  switch  53 
is  de-energized  and  this  switch  opens,  inserting  all  of  the  starting 
resistance  R  in  series  with  the  motor.  When  current  is  re- 
stored to  the  line  (provided  the  operator  has  not  previously 
opened  the  switch  K)  the  motor  will  again  be  started  automati- 
cally in  the  normal  way.  While  Fig.  5  shows  the  connections 
for  a  compound-wound  motor,  it  is  evident  that  the  same  form  of 
starter  is  equally  applicable  to  shunt  and  series- wound  motors. 
In  the  case  of  series-wound  motors  connected  to  loads  which  may 
be  so  reduced  as  to  cause  the  motor  to  speed  up  dangerously, 
the  starter  can  be  very  simply  modified  to  protect  against  this. 
To  accomplish  this  the  holding  coil  of  switch  53  is  made  a  series 
coil  and  is  connected  in  series  with  the  contacts  of  the  switch. 
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Since  in  a  series  motor  the  speed  depends  upon  the  current,  the 
holding  power  of  the  holding  coil  wiU  be  weakened  as  the  motor 
speeds  up,  and  the  coil  may  readily  be  proportioned  so  as  to 
cause  the  switch  53  to  open  before  a  dangerous  speed  is  reached. 

A  complete  starter  corresponding  to  the  diagram  of  Fig.  5  is 
shown  in  Fig.  6. 

As  previously  mentioned,  there  is  no  danger  of  arcing  at  the 
contacts  of  the  accelerating  switches,  the  motor  circuit  being 
initially  closed  and  finally  opened  at  the  contacts  of  the  opera- 
tor's switch  K.  In  the  case  of  constantly  running  shunt  or 
compound  wound  motors,  a  simple  knife  switch  or  its  equivalent 
is  suitable  for  the  purpose  where  remote  control  is  not  a  con- 
sideration. In  applications  where  short  moves  of  a  heavy 
machine  may  be  made,  as,  for  instance,  in  setting  up  the  work 


Fig.  6 

on  a  boring  mill,  provision  must  be  made  for  the  arcing  at  the 
operator's  switch  due  to  opening  the  motor  circuit  when  the 
motor  is  generating  but  a  small  counter  e.m.f.  This  can  be 
taken  care  of  by  providing  a  specially  constructed  operator's 
switch  having  its  contacts  suitably  protected  against  arcing, 
or  preferably  a  type  of  starter  illustrated  in  Figs.  7  and  12  is 
employed. 

In  this  form,  in  addition  to  the  series- wound  accelerating 
switches,  a  main  switch  or  initial  circuit-closer  in  the  form  of  a 
shunt- woimd  magnetically  operated  switch  or  **  contactor  "  is 
provided.  This  contactor  provides  for  a  quick  opening  of  the 
circuit  in  the  field  of  a  powerftd  blow-out  magnet  such  that 
heavy  ciurents  in  an  inductive  circuit  are  opened  promptly 
and  with  slight  depreciation  of  contacts. 
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The  use  of  this  shunt-wound  main  switch  makes  it  possible 
to  use  push-buttons  or  small  pilot  switches  which  are  used  by 
the  operator  in  starting  or  stopping  the  motor.     As  many  of 


Fig.  7 

these  starting  and  stopping  switches  as  desired  may  be  placed 
at  convenient  points  around  a  large  machine  or  tool,  adding 

much  to  both  the  facility  and 
safety  of  operation.  This  type  of 
starter  is  also  adapted  to  remote 
control  by  means  of  a  pressure 
gauge,  float  switch,  or  other  devices 
which  interpret  conditions  under 
which  the  motor  is  to  be  started 
and  stopped.  This  form  of  starter 
is  also  very  simply  provided  with 
overload  protection,  the  circuit  of 
the  winding  of  the  main  switch  be- 
ing broken  at  the  contacts  of  a  small 
overload  relay,  as  shown  in  the  dia- 
gram Fig.  8. 
The  minimum  number  of  accelerating  switches  which  may  be 
used  in  connection  with  a  given  motor  depends  rather  upon  the 
amount  and  character  of  the  load  than  upon  the  size  of  the  motor. 


SHUNT  FIELD 
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Fig.  8 
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In  general  it  may  be  said  that  when  current  limit  acceleration 
is  employed  relatively  very  few  subdivisions  of  resistance  are 
required  as  compared  with  a  manually  operated  starter.  The 
number  of  subdivisions  of  the  resistance  in  a  manually  operated 
starter  is  primarily  determined  as  a  matter  of  protecting  the 
contacts  of  the  starter  itself.  If  too  few  subdivisions  are  used 
the  drop  between  adjacent  steps  will  be  too  high  and  serious 
burning  or  '*  bugging  "  of  the  contacts  will  follow. 

The  automatic  starter  or  controller  with  current  limit  ac- 
celeration is  of  course  free  of  this  limitation,  and  in  addition 
possesses  the  advantage,  as  far  as  the  motor  is  concerned,  of 
cutting  out  successive  sections  of  resistance  only  when  the 
current  in  the  circuit  is  at  the  proper  value. 


Fig.  9 


Fig.  10 


For  motors  up  to,  say,  five  horse  power,  starting  under  light 
load  or  starting  loads  of  small  inertia,  a  single  accelerating  switch 
is  sufficient. 

For  motors  within  the  same  range  of  horse  power,  starting  at 
ftdl  load  or  starting  loads  of  high  inertia,  (such  as  a  machine 
equipped  with  a  flywheel),  two  or  even  three  accelerating  switches 
may  be  required  to  keep  the  peaks  of  the  accelerating  current 
within  prescribed  limits. 

Figs.  9,  10  and  11  are  reproductions  of  accelerating  current 
curves  taken  with  a  recording  ammeter  in  the  circuit  of  motors 
equipped  with  automatic  starters  of  the  "  series  current  limit  '' 
type  under  consideration. 

Fig.  9  shows  the  accelerating  current  curve  of  a  two-h.p. 
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shunt  motor  driving  a  circular  saw  which  starts  under  very  light 
load.  The  starter  in  this  case  was  equipped  with  but  a  single 
accelerating  switch. 

Fig.  10  shows  the  accelera- 
ting current  curve  of  a  2\  h.p. 
shimt  wound  motor  driving 
a  line  shaft  for  light  drill 
presses.  The  starter  in  this 
case  was  equipped  with  two 
accelerating  switches,  giving 
three  points  of  acceleration 
including  the  operator's 
switch. 

Fig.  11  shows  the  accelera- 
ting current  curve  of  a  five- 
h.p.  compound  wound  motor 
driving  a  punch  press,  three 
accelerating  switches  being 
used.  In  general  it  may  be  said  that  for  motors  up  to  25  h.p. 
three  accelerating  switches  will  be  sufficient  for  all  ordinary 
conditions,  and  for  motors  above  this  size  from  three  to  six  or 


Fig.  11 
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Pig.  12 


Fig.  13 


more  switches  may  be  required.  In  any  case  it  does  not  pay 
to  extend  the  number  of  switches  beyond  a  point  governed  by 
the  sensitiveness  of  the  switch  itself. 
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The  switch  under  consideration  is  sensitive  well  within  ten 
per  cent,  that  is  to  say,  if  the  switch  locks  out  positively  at  a 
given  value  of  current  it  will  close  positively  when  the  current 
has  dropped  ten  per  cent  below  that  value.  This  means  that 
the  maximum  and  minimum  accelerating  current  values  can, 
with  the  requisite  number  of  switches,  be  kept  within  five  per 
cent  above  and  five  per  cent  below  a  horizontal  line  which  repre- 
sents a  predetermined  accelerating  current  of  constant  value. 

In  any  calculations  which  are  made  as  to  the  theoretically 
proper  number  of  switches  it  must  be  borne  in  mind  that  the 
self-induction  of  the  motor  windings  enters  as  an  important 
factor,  the  peaks  of  current  occurring  at  the  instant  of  cutting 
out  a  given  amount  of  resistance  being  in  no  case  as  great  as  a 
consideration  of  ohmic  resistance  alone  would  indicate. 


Fig.  14 

Figs.  12  and  13  show  respectively  a  front  view  and  a  diagram 
of  connections  of  a  special  controller  for  governing  motors 
driving  certain  kinds  of  machine  tools  such  as  boring  mills  and 
pipe  threading  machines.  In  addition  to  securing  aiitomatic 
current  limit  acceleration  in  the  manner  previously  described, 
this  controller  provides  for  bringing  the  motor  to  rest  promptly 
by  means  of  dynamic  braking,  the  braking  current  being  also 
kept  within  safe  limits  by  the  current  limit  feature  of  the  switches 
which  govern  the  acceleration. 

This  starter  is  provided  with  a  main  switch  having  a  shunt- 
wound  actuating  coil  and  a  dynamic-braking  switch  constructed 
in  like  manner.  The  operator's  control  is  through  push-buttoms 
marked  *'  start  "  and  *'  stop  ''  respectively.  When  the  "  start  " 
button  is  pushed  the  circuit  of  the  actuating  winding  of  the  main 
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switch  is  closed,  causing  this  switch  to  close,  and  the  starting 
resistance  is  then  cut  out  automatically  by  the  series  wound 
accelerating  switches  in  the  manner  previously  described. 

When  it  is  desired  to  stop  the  "  stop  "  button  is  pushed.  This 
opens  the  circuit  of  the  actuating  winding  of  the  main  switch 
and  closes  the  circuit  of  the  winding  of  the  d)mamic  braking 
switch,  which  then  closes,  establishing  a  local  circuit  across  the 
armature,  this  circuit  including  the  starting  resistance  and  the 
actuating  winding  of  the  first  resistance  switch.  As  the  motor 
slows  down  the  dynamic  braking  current  decreases  and  the  first 
switch  closes,  thus  cutting  out  a  portion  of  the  resistance  in  the 
dynamic  braking  circuit  and  at  the  same  time  closing  the  circuit 
through  the  winding  of  the  second  resistance  controlling  switch, 
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Fig.  15 — Wiring  Diagram 

which  in  turn  closes  and  cuts  out  a  second  section  of  resistance 
when  the  current  has  dropped  to  the  value  for  which  the  switch 
is  adjusted.  Both  the  starting  current  and  the  dynamic  braking 
current  are  therefore  under  automatic  current  limit  control  and 
are  maintained  within  safe  limits. 

Fig.  14  is  a  front  view  of  a  75-h.p.  reversing  controller  specifi- 
cally designed  for  steel  mill  service,  and  Fig.  15  shows  the  con- 
nections of  this  controller. 

Reversal  of  the  motor  is  provided  for  by  two  double  pole 
magnetic  switches  having  shunt  wound  actuating  coils.  The 
switches  are  mechanically  interlocked  in  such  a  way  that  when 
one  is  closed  the  closure  of  the  other  is  prohibited. 
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The  actuating  windings  of  the  reversing  switches  are  under 
the  control  of  a  suitable  master  controller  in  the  hands  of  the 
operator.  The  motor  circuit  is  initially  closed  at  the  contacts 
of  one  or  the  other  reverser  switches,  this  initial  current  flowing 
also  through  the  winding  of  the  first  series  wotmd  switch.  When 
the  motor  current  has  dropped  to  the  predetermined  accelerating 
value  the  first  accelerating  switch  closes,  short-circuiting  the 
first  section  of  resistance  and  establishing  a  circuit  through  the 
actuating  winding  of  the  second  accelerating  switch.  The  auto- 
matic cutting  out  of  resistance  continues  in  a  similar  manner 
till  the  motor  is  connected  across  the  line. 


nijiiffn~l~^' 


Fig.  16 


Fig.  17 


The  wiring  diagram  Fig.  15  shows  a  modified  connection  of 
the  actuating  windings  of  the  accelerating  switches,  these  wind- 
ings being  so  arranged  that  they  remain  in  series  with  the  motor 
while  the  motor  is  running.  A  separate  holding  coil  is  therefore 
not  required  on  the  last  switch. 

As  previously  pointed  out,  the  orderly  or  successive  closiu-e  of 
the  accelerating  switches  is  provided  for  without  the  use  of 
auxiliary  or  interlock  contacts. 

In  a  controller  which  is  rapidly  reversed  it  is  essential  to 
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provide  that  all  of  the  starting  resistance  be  in  circuit  when  the 

motor  connections  are  reversed.  This  is  provided  for  by  two 
"  lock-out  "  magnets  placed  immediately 
below  the  movable  members  of  the  revers- 
ing switches  in  such  a  way  as  to  lock  them 
out,  thus  preventing  closure  of  the  switches 
when  the  magnets  are  energized.  The 
windings  of  these  magnets  are  so  connected 
that  they  are  energized  whenever  any  of 
the  accelerating  switches  is  closed.  The 
reverser  therefore  cannot  be  operated  un- 
til all  three  of  the  accelerating  switches 
have  opened,  thus  inserting  all  of  the 
resistance  in  the  motor  circuit.  It  will  be 
observed  that  this  interlock  is  also  ob- 
tained without  the  use  of  auxiliary  or  in- 
terlock contacts.  The  entire  controller  is 
in  fact  stripped  of  all  small  and  delicate 
parts,  in  view   of   conditions   to  be  met 

in  steel  mill  service. 

Figs.   16  and  17  are  reproductions  of  accelerating  current 

curves  taken  on  this  controller  in  connection  with  a  75-h.p. 


Fig.  18 
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Fig.  19 — Wiring  Diagram 

220-volt  series  wound  motor.  Fig.  16  shows  the  accelerating 
curves  in  simple  starting,  under  different  adjustments  of  the 
switches  to  secure  slow  and  rapid  starting. 
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Fig.  17  shows  current  curves  taken  under  similar  conditions, 
the  motor  being  reversed.  Since  there  is  no  arcing  at  the  con- 
tacts of  the  accelerating  switches  they  may  be  readily  enclosed 
in  such  a  way  that  their  adjustment  cannot  be  tampered  with. 

The  controller  illustrated  in  Figs.  14  and  15  does  not  pro\4de 
for  speed  control.  Where  it  is  necessary  that  the  operator 
have  control  of  the  speed  of  the  motor,  this  is  provided  for  by 
"  holding-out  magnets  "  which  prevent  actuation  of  the  ac- 
celerating switches  when  the  "  holding-out  magnets ''  are 
energized. 

Fig.  18  illustrates  a  unit  switch  equipped  with  a  '*  holding- 
out  magnet  ",  and  Fig.  19  is  a  diagram  of  connections  of  a  con- 
troller arranged  for  speed  control.     It  will  be  seen  that  the 
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Fig.  20 

'*  holding-out  magnets  "  are  successively  dc-energized  as  the 
master  controller  is  moved  toward  the  full  speed  position. 

The  series  wound  switch  in  addition  to  its  functions  of  a  com- 
bined switch  and  current  limit  relay  is  of  course  adapted  for  use 
as  a  simple  current  limit  or  acceleration  relay  in  connection  with 
switches  having  shunt  wound  actuating  coils. 

Fig.  20  is  a  diagram  of  connections  of  a  controller  arranged  in 
this  way.  It  will  be  observed  that  this  form  of  relay  stands 
normally  in  the  open  or  safe  position  and  successive  switches 
cannot  close  till  the  corresponding  relays  have  closed  their 
contacts.  This  arrangement  provides  a  further  safety  featiu-e 
in  that  it  protects  the  motor  from  danger  due  to  open  circuits  in 
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the  resistance  and  connections.  The  closure  of  successive  re- 
sistance controlling  switches  depends  not  merely  upon  the 
closure  of  a  preceding  switch,  but  upon  the  closure  of  the  main 
circuit  controlled  by  a  preceding  switch.  In  case  there  is  an 
open  connection  in  the  resistance  controlled  by  one  of  the 
switches,  the  accelerating  relay  controlling  the  succeeding  switch 
is  not  energized  and  the  cutting  out  of  resistance  must  stop 
at  that  point  till  the  break  is  repaired. 
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Discussion  on  "  Automatic.  Motor  Control  for  Direct- 
Current  Motors."    Chicago,  June  28,  1911. 

E.  J.  Murphy:  I  have  listened  with  pleasure  to  Mr.  East- 
wood's able  presentation,  and  can  truly  say  that  it  represents  a 
very  great  step  towards  the  ideal  which  designers  of  control 
apparatus  have  been  striving  to  attain,  namely,  an  automatic 
motor  control  in  which  complicated  wiring  and  numerous  inter- 
locks and  relays  have  to  a  great  extent  been  eliminated.  It  has 
been  my  privilege  to  work  along  those  lines  in  which  a  contactor 
actuated  by  a  series  coil  also  contains  the  characteristic  of  a 
current  limit  relay.  The  illustrations  shown  and  described  here- 
with represent  a  type  of  contactor  which  was  developed  to 
meet  steel  mill  operating  conditions;  in  so  doing  it  was  decided 
to  embody  the  best  features  of  the  shunt  wound  contactors  which 
have  proven  so  satisfactory  after  many  years  of  the  most  exacting 
service;  the  most  important  feature  being  the  reduction  of  the 
number  of  contact  surfaces  to  a  minimum,  the  use  of  a  solid  and 
easily  replaceable  rolling  contact  with  vertical  contact  faces 
insuring  against  trouble  due  to  the  acctmiulation  of  dust  or 
dirt  upon  them.  The  above  consideration  led  to  the  adoption  of 
a  pivoted  armature  member  which  possessed  the  further  ad- 
vantage of  operating  with  a  minimum  of  friction,  which  is  highly 
advantageous  in  obtaining  a  close  and  uniform  adjustment. 
This  arrangement  of  contacts  also  m^es  possible,  when  equipped 
with  blow-out  coils,  the  disrupting  of  heavy  currents  which  is 
advantageous  in  certain  applications  of  motor  control.  I  wish 
to  say,  however,  that  this  series  contactor  when  used  in  an 
ordinary  starting  or  reversing  equipment  is  not  called  upon  to 
open  any  appreciable  current,  making  magnetic  blow-out  coils 
unnecessary.  Your  attention  is  particularly  drawn  to  a  very 
simple  and  effective  method  of  connection,  which  makes  it 
imperative  that  the  contactors  close  in  proper  sequence,  only  one 
contactor  being  closed  at  a  time.  It  should  also  be  noted  when 
the  last  contactor  goes  in,  the  other  accelerating  contactors  are 
open  while  the  motor  is  running.  The  above  condition  is 
brought  about  by  means  of  the  series  coils  only,  no  extra  fine 
wire  windings  being  necessary.  This  arrangement  operates 
perfectly  on  a  quick  reversing  equipment  without  any  addi- 
tional interlocking  coils  for  delaying  the  action  of  the  reversing 
luie  contactor. 

Fig.  1  shows  the  contactor  with  the  switch  in  the  open  position. 
C  is  a  series  wound  actuating  coil  with  a  vertical  iron  core  which 
projects  through  the  brass  supporting  block  5,  and  forms  a  pole 
face  adapted  to  attract  the  cast  iron  armature  A ,  across  the  upper 
air  gap  d.  This  armature  is  pivoted  at  P  and  carries  the  mov- 
ing contact  r,  also  the  vertical  iron  strip  L,  The  lower  end  of  L 
forms  a  pole  face  which  is  attracted  across  the  lower  air  gap 
G2  by  the  horizontal  iron  extension  E  at  the  bottom  of  coil  C. 
The  armature  A  and  the  strip  L  form  a  bell  crank  lever:  the  at- 
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traction  at  the  upper  gap  d  tends  to  close  the  switch  and  the 
attraction  at  the  lower  gap  Gt  tends  to  hold  the  switch  in  the 
open  position.  The  brass  nut  N,  provided  with  locking  spring, 
forms  a  stop  for  the  strip  L,  thus  regulating  the  length  of  the 
lower  air  gap  G2.  This  adjustment  determines  the  current 
value  at  which  the  switch  will  close.  (A  more  satisfactory  ad- 
justing device  is  shown  in  Fig.  2.)  A  vertical  iron  strip  S  of 
limited  cross  section  connects  the  horizontal  projection  E  and  the 
iron  casting  to  which  the  moving  element  is  pivoted  at  P. 
This  strip  S  forms  a  magnetic  shimt  to  the  lower  air  gap  G2, 
thus  providing  an  alternative  path  for  the  magnetic  flux. 

The  path  of  the  magnetic  flux  is  as  follows :  starting  from  the 
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Fig.  1 

upper  end  of  the  core  in  coil  C,  across  the  gap  d,  along  the 
armature  -4,  to  the  pivot  P  where  the  flux  divides,  one  portion 
flowing  down  the  strip  L,  across  the  gap  to  the  projection  E. 
Another  portion  flows  down  the  iron  shunt  5  to  the  projection 
E,  The  total  fltix  then  flows  along  E  to  the  magnet  core  of  coil. 
When  current  is  switched  through  the  coil  C  and  this  current 
is  higher  than  the  closing  value  for  which  the  device  is  adjusted, 
the  attraction  across  the  lower  gap  d  is  sufficient  to  hold  the 
switch  open  against  the  attraction  across  the  upper  gap  G\. 
When  the  current  falls,  due  to  the  acceleration  of  the  motor,  the 
magnetic  flux  in  all  parts  of  the  magnetic  circuit  will  decrease. 
The  permeability  of  the  iron  shunt  S  will  therefore  increase,  and 
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in  consequence,  will  carry  a  larger  proportion  of  the  fltix  relative 
to  the  lower  gap  G^;  these  parts  of  the  magnetic  circuit  being  in 
parallel.  The  attraction  across  the  lower  gap  d  will  fall  at  a 
greater  rate  than  the  decrease  in  the  attraction  at  the  upper 
gap  Gi,  and  finally,  when  the  current  arrives  at  the  adjusted 
closing  value,  the  attraction  at  the  lower  gap  Ga  can  no  longer 
hold  the  moving  element  and  the  switch  will  close. 

There  was  one  serious  difficulty  which  had  to  be  overcome  in 
the  design,  i.«.,  to  make  certain  that  the  contactor  would  hold 
open  when  the  first  rush  of  current  through  a  highly  inductive 
circuit  was  very  little  above  the  value  at  which  the  device  was 


Fig.  2 

set  to  trip.  This  problem  was  solved  by  encircling  the  iron 
shunt  S  with  a  low  resistance  copper  band  D.  The  rapid  rise  in 
the  flux  value  in  the  shunt  5  when  the  current  is  first  switched 
on,  generates  a  momentary  heavy  current  in  the  copper  band 
which  opposes  the  increase  of  the  flux.  This  action  causes  a 
larger  proportion  of  flux  to  be  forced  across  the  gap  Gj  while  the 
current  is  rising,  thereby  increasing  the  attraction  at  the  point 
until  the  current  has  risen  to  a  safe  value.  In  quick  reversing 
equipments,  the  adoption  of  a  longer  copper  band  as  shown  in 
Fig.  2,  rendered  imnecessary  the  use  of  complicated  interlocking 
devices. 
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The  flexible  connection  for  carrying  the  current  around  the 
pivot  presented  another  serious  problem,  inasmuch  as  the 
mechanical  forces  due  to  the  stiffness  or  '*  spring  "  of  such  con- 
nection might  interfere  with  the  adjustment  of  the  device.  The 
arrangement  shown  in  Fig.  2  effectually  solves  the  problem.  The 
connection  consists  of  a  loop  of  flexible  cable  of  many  fine  copper 
wire  strands.  The  plane  of  the  loop  is  parallel  to  the  axis  of  the 
pivot,  and  the  axis  lies  in  this  plane.  Any  force  due  to  the  tend- 
ency of  the  loop  to  open  or  close,  will  be  exerted,  radially  across 


> 
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Fig.  4 

the  pivot,  with  no  torque  around  the  pivot.     Actual  tests  proved 
the  accuracy  of  the  above  assumption. 

In  connection  with  the  subject  of  series  wound  contactors  in 
general,  I  note  that  Mr.  Eastwood  did  not  bring  out  one  very  im- 
portant advantage,  t.e.,  the  use  of  coil  windings  of  few  tiuTis  and 
large  cross  section  of  conductor.  The  construction  shown  in 
Fig.  2  is  typical;  the  coil  consisting  of  relatively  few  turns  of  bare 
edgewise  wound  copper  strip  with  one  end  connected  to  the 
frame.  This  construction  will  stand  very  heavy  overloads  with- 
out damage.  The  potential  strain  across  the  coil  and  from  coil 
to  spool  is  only  a  fraction  of  a  volt. 
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Fig.  2  also  shows  an  improved  adjustment  for  the  lower  gap 
Gj.  The  lower  end  of  the  vertical  strip  L  abuts  against  the  head 
of  a  fixed  brass  stud  which  supports  an  iron  thimble.  This 
thimble  can  be  screwed  along  the  stud,  thereby  controlling 
the  width  of  the  air  gap  Gj.  Simple  and  positive  locking  de- 
vices are  provided. 

Fig.  3  shows  the  contrast  between  two  connection  diagrams 
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for  starting  and  reversing  a  direct  current  motor.  The  lower 
diagram  shows  the  old  fashioned  arrangement  with  current 
limit  relays  operating  shunt  wound  contactors  with  numerous 
electrical  interlocks.  The  upper  diagram  shows  the  series 
contactor  accelerating  arrangement  for  the  same  duty,  no  elec- 
trical interlocks  being  required. 
Fig.  4  shows  the  front  view  of  a  starting  and  reversing  panel 
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using  series  accelerating  contactors  designed  for  heavy  steel  mill 
duty  and  Fig.  5  shows  a  wiring  diagram  of  a  very  simple  motor 
starting  panel,  using  four  series  wound  accelerating  contactors 
with  hand  operated  line  switch  and  fuses. 

Arthur  C.  Eastwood:  As  to  the  matter  of  contacts,  brought 
up  by  Mr.  Murphy,  it  must  be  remembered  that  this  switch 
acts  not  only  as  a  switch,  but  also  as  a  relay.  Whether  the 
switch  is  a  small  one  wound  say  for  a  one-horse-power  motor, 
or  a  large  one  wound  say  for  a  l,0()0-h.p.  motor,  when  the  current 
through  the  winding  of  the  switch  is  reduced  to  a  certain  critical 
value  the  weight  of  the  moving  parts  is  just  balanced  by  the 
magnetic  pull.  This  is  the  sensitive  point  in  the  operation  of 
the  switch,  and  at  this  point  the  reliability  of  its  action  may  be 
seriously  disturbed  by  the  friction  of  a  pivot  and  by  the  variable 
action  of  the  shunt  which  is  essential  in  carrying  current  around 
the  pivot  in  a  switch  of  the  single-break  pivoted-arm  type. 

Experiments  with  switches  of  the  pivoted-arm  type  did  not 
give  reliable  restdts  within  prescribed  limits  of  acciu-acy,  and  led 
to  the  adoption  of  the  construction  illustrated  in  my  paper.  In 
this  construction  there  are  no  pivots,  pins,  or  shimts.  The 
plunger  of  the  switch  is  mounted  vertically,  and  the  magnetic 
pull  tending  to  close  the  switch  acts  against  gravity,  which  is  as 
nearly  constant  as  anything  we  know  of. 

As  to  the  matter  of  interlocks  for  reversing  controllers,  not- 
withstanding the  fact  that  the  series  wound  switch  is  very  quick 
in  action,  in  very  rapid  reversing  service  there  is  danger  of  the 
reverser  being  thrown  before  all  of  the  resistance  switches  have 
opened.  An  interlock  which  will  prevent  this  appears  to  be  a 
safety  precaution  which  is  well  warranted,  particularly  in 
controllers  for  reversing  mill  tables.  Such  tables  are  usually 
over-motored  to  sectu-e  very  rapid  acceleration  .and  reversal, 
so  that  the  motor  will  overspeed  very  quickly  if  it  is  series  wound. 
If  the  motor  while  running  at  high  speed  is  reversed  with  part  or 
all  of  the  resistance  short-circuited,  damage  is  very  likely  to  result. 

As  to  damping  the  magnetic  circuit  of  series  wound  switches 
to  prevent  their  too-early  closure,  this  is  not  at  all  necessary  in 
switches  for  use  with  shunt  and  compound  wound  motors.  In 
fact,  it  is  objectionable  at  least  with  the  form  of  switch  described 
in  this  paper,  because  closure  of  successive  switches  is  unneces- 
sarily retarded. 

In  the  case  of  larger  series  wound  motors,  which  give  a  circuit 
of  high  self-induction,  causing  the  motor  current  to  build  up 
gradually,  there  is  a  tendency  for  the  switches  to  close  before  the 
current  has  reached  the  lock-out  value  for  which  the  switches 
are  adjusted.  However,  the  series  wound  switch  is  no  more 
subject  to  this  action  than  the  ordinary  "  throttles  "  or  ac- 
celerating relays  which  have  been  used  in  the  past. 

Even  in  the  case  of  large  series  wound  motors  it  has  been  fotmd 
that  if  the  resistance  may  be  so  proportioned  that  peaks  of 
current  equivalent  to  150  per  cent  of  the  current  at  which  the 
switch  is  adjusted  to  close,  occur  at  the  closure  of  each  suc- 
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cessive  resistance  switch,  reliable  locking-out  of  the  switches 
occurs  without  resort  to  any  specific  means  for  retarding  the 
action  of  the  switches. 

As  to  the  matter  of  holding  in  the  switches,  this  paper  il- 
lustrates in  Fig.  5  the  use  of  a  shunt  holding  coil  on  the  last  re- 
sistance switch,  and  in  Fig.  15  the  use  of  series  coils  throughout. 

Admittedly  the  series  coil  is  simpler  in  its  connections  and  is 
more  sturdy  in  construction,  but  its  use  has  decided  limitations. 
It  has  been  found  that  in  a  surprisingly  large  proportion  of 
motors,  particularly  those  driving  machine  tools,  the  armature 
current  frequently  approaches  very  close  to  zero,  and  in  the 
case  of  tools  or  machines  equipped  with  fly-wheels,  upon  a  sudden 
drop  in  line  voltage  the  motor  acts  as  a  generator  returning  cur- 
rent to  the  line.  This  causes  the  last  switch  to  drop  out  and 
insert  all  of  the  starting  resistance  in  the  motor  circuit,  and, 
when  the  motor  has  slowed  down  slightly,  the  resistance  is 
again  automatically  cut  out.  This  introduces  an  objectionable 
pumping  action  in  many  instances.  The  shunt  holding-coil  is 
free  of  this  objection,  as  it  leaves  the  motor  connected  to  the  line 
and  free  to  return  current  to  the  line  at  the  instant  of  a  sudden 
drop  in  voltage. 

The  use  of  the  series  holding  coil  also  introduces  a  resistance 
in  the  armature  circuit  which  is  objectionable  in  shunt  wound 
motors  where. constant  speed  is  required. 

Ragner  Wikander:  I  want  to  ask  Mr.  Eastwood  and  Mr. 
Murphy  whether  they  have  made  any  tests  of  the  application 
of  this  principle,  possibly  somewhat  modified,  to  alternating 
current? 

Arthur  C.  Eastwood:  In  answer  to  the  question  as  to  the 
adaptability  of  this  form  of  switch  to  alternating  current  con- 
trollers, I  will  say  that  experiments  have  been  made  in  that 
direction  which  are  very  promising.  I  am  not,  however,  pre- 
pared to  go  into  detail  on  the  subject  at  this  time. 

Theodore  Vamey :  I  would  like  to  ask  Mr.  Eastwood  if  he  has 
found  any  satisfactory  means  of  notching  back  with  the  con- 
troller he  described,  that  is,  opening  the  switches  one  at  a  time, 
without  opening  all  of  them. 

Arthur  C.  Eastwood :  As  to  the  question  of  '*  notching  back  *' 
the  controller,  that  is,  reducing  the  speed  of  the  motor  step-by- 
step,  the  connections  of  the  series  wound  contactors  lose  a  great 
deal  of  their  beautiful  simplicity  when  this  must  be  done. 

There  is  no  particular  complication  in  a  controller  for  "  notch- 
ing up  "  the  speed  of  the  motor  step-by-step.  Such  a  controller 
is  shown  in  Fig.  19  of  the  paper. 

When  it  is  desirable  to  reduce  as  well  as  to  increase  the  speed 
of  the  motor  in  a  step-by-step  manner  under  the  control  of  the 
operator,  a  controller  such  as  that  shown  in  Fig.  20  may  be  used. 
In  this  controller  the  resistance  switches  are  actuated  by  shunt 
wound  magnets,  and  are  governed  as  to  the  time  of  their  closure 
by  individual  series  relays. 
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SOME  LIMITATIONS  OF  RHEOSTATIC  CONTROL 


BY   G.    R.    RADLEY  AND   L.   L.   TATUM 


We  may  consider  the  limits  of  rheostatic  control  under  three 
classes,  functional,  where  the  limitations  are  inherent  to  the 
type  of  control;  resistance  material,  where  the  limitations  are 
due  to  physical  characteristics  of  the  rheostat  material,  and 
switching  devices,  where  the  limitations  apply  to  the  method 
of  adjusting  resistance. 

Functional  Limitations 

Under  this  heading,  there  are  two  general  classes,  those  in 
which  the  load  is  predetermined,  and  absolutely  under  the  con- 
trol of  the  operator  such  as  a  field  rheostat,  and  those  in  which 
the  load  is  dependent  on  a  variable  factor,  not  absolutely  of  a 
predetermined  value,  such  as  a  motor  speed  regulator  with 
varying  load  on  the  motor. 

In  the  first  type,  the  field  between  actual  physical  limits 
is  wide,  but  commercial  limitations  are  worthy  of  consideration. 
Inherently  all  such  devices  are  heat  dissipators  and  the  most 
important  commercial  limitation  is  the  compromise  of  three 
variables;  watts  to  be  dissipated,  allowable  temperature  rise,  and 
physical  dimensions.  The  discussion  of  these  limitations  which 
are  common  to  all  forms  of  rheostatic  devices  will  be  taken  up 
later  under  the  subject  of  **  Limitations  of  Resistance  Material." 

Fineness  of  regulation  is  commercially  limited.  A  field  rheo- 
stat must  be  able  to  adjust  the  voltage  of  the  generator  by  rea- 
sonably fine  increments  throughout  the  working  range  both  of 
load  and  of  speed  of  prime  mover.  If  the  range  is  wide,  and  the 
regulation  desired  is  fine,  the  number  of  steps  to  obtain  this  range 
increases  and  while  no  physical  limitations  appear,  the  cost  is 
increased.  A  fineness  of  regulation  closer  than  i  of  one  per  cent 
of  the  rated  voltage  is  ordinarily  unnecessary,  and  generally 
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this  fineness  may  be  obtained  with  a  variation  in  excitation  cur- 
rent of  1.5  per  cent  per  step.  For  most  machines  60  steps,  thus 
representing  in  the  neighborhood  of  25  or  30  per  cent  of  line 
voltage  variation  is  aniple.  If,  however,  the  major  portion  of  this 
25  per  cent  variation  is  outside  the  normal  working  range,  then 
this  number  of  steps  may  be  insufficient.  This  condition  may 
be  overcome  by  the  introduction  of  coarse  steps  in  that  portion 
of  the  range  which  is  not  normally  used.  For  voltages  above  the 
working  range,  a  single  fixed  step  of  resistance  may  serve  to 
throw  the  normal  voltage  into  the  center  of  the  adjusting  range. 
Similarly  below  operating  voltages  a  few  coarse  steps  may  be 
wanted  for  lowering  the  voltage  to  a  satisfactory  point  for 
cutting  out  a  generator. 

Fineness  of  stepping  over  a  wide  range  affects  the  size  b}' 
increasing  the  watt  dissipating  material,  as  well  as  by  increasing 
the  number  of  switching  points.  Coarse  steps  tend  to  cheapen 
the  rheostat  but  there  are  Hmits  in  this  direction  which  will  be 
discussed  under  contact  limitations. 

When  a  generator  is  capable  of  voltages  much  above  normal, 
a  fixed  step  of  resistance  results  in  economy  of  wattage  capacity 
in  the  rheostat  without  approaching  the  contact  limits,  protects 
the  machine  from  excessive  heating  of  fields,  and  prevents 
excessive  voltage  on  the  line. 

For  use  with  automatic  voltage  regulators  which  require  a 
wide  range  of  generator  excitation,  coarse  steps  over  most  of  the 
range  with  fine  steps  around  normal,  for  possible  hand  regula- 
tion, reduces  the  size  of  the  rheostat  materially. 

Another  class  of  rheostatic  device  very  similar  in  its  functions 
to  the  field  rheostat  is  the  lamp  dimmer.  Here  the  conditions 
are  even  better  defined  than  for  the  rheostat,  as  the  dimmer  is 
connected  across  a  constant  voltage  supply  in  series  with  a 
quite  definitely  known  resistance.  The  same  general  limitations 
apply,  however:  the  coarser  the  stepping  the  smaller  and  cheaper 
is  the  rheostat. 

Typical  of  the  second  class,  namely,  the  type  of  control  where 
there  exists  in  the  circuit  a  variable  element  which  may  be  inde- 
pendent of  the  adjustment  of  the  rheostat,  are  motor  starters, 
or  speed  regulators  where  the  counter  voltage  of  the  motor  may 
be  dependent  on  the  load  as  well  as  on  the  adjustable  resistance. 
Arc  lamp  resistances  are  more  or  less  similar  in  their  behavior. 
For  this  type  of  apparatus  the  governing  feature  is  "  load  ". 
Ohin'^  law  must  ever  be  in  mind  in  considering  such  devices. 
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For  a  fixed  value  of  R,  E  will  vary  directly  as  the  ciarent  in  the 
resistance,  and  when  used  as  a  speed  regulating  device  across  a 
constant  potential  line,  the  difference  between  the  voltage  drop 
in  the  resistance  and  the  line  voltage  must  be  the  counter  e.m.f. 
of  the  motor.  If  the  load  on  the  motor  varies,  as  when  driving 
a  machine  tool  such  as  lathe  or  planer,  the  voltage  drop  across  the 
resistance  must  vary  in  direct  proportion  and  the  motor  speed 
will  vary  inversely  as  the  load.  The  inherently  bad  effect  of 
such  instability  of  speed  regulation  on  machine  tool  work  is  too 
well  understood  to  need  discussion. 

Where  the  load  of  the  motor  at  any  speed  is  approximately 
constant  as  when  driving  fans,  pumps,  printing  presses,  long  line 
shafts,  etc.,  resistance  control  is  practical,  although  not  always 
economical.  Where  the  required  torque  decreases  with  the 
speed,  as  in  the  case  of  fans  or  centrifugal  pumps  the  use  oi  re- 
sistance is  economical,  since  it  reduces  the  current  taken  from 
the  line,  but  where  the  torque  is  constant  as  for  plunger  pumps  or 
positive  pressure  blowers,  the  only  economy  obtained  by  such 
control  is  in  reduction  of  wear  and  tear  on  the  apparatus,  al- 
though convenience  may  warrant  its  installation  independent 
of  economical  considerations. 

On  motor  starters  or  regulators,  the  limit  of  coarseness  of 
stepping  is  the  increase  in  voltage  the  motor  will  stand  without 
objectionable  surge  of  current.  This  is  a  function  of  the  motor 
and  line  resistance.  A  low  motor  resistance  means  a  large 
current  with  small  voltage  rise  at  its  terminals.  A  small  high 
resistance  series  motor  may  not  take  an  objectionable  surge 
even  if  given  full  line  voltage,  while  a  large  shunt-wound  ma- 
chine may  not  stand  more  than  a  few  per  cent  voltage  increase 
without  excessive  currents.  This  limit  cannot  be  predetermined 
accurately  as  the  inductance  of  the  circuit,  reaction  of  armature 
current  surge  on  field  strength,  and  momentary  acceleration 
all  tend  to  damp  out  the  high  peaks  and  give  less  than  the 
calculated  current  surge  for  a  given  voltage  increase. 
-  -This  limit  of  stepping  of  resistance  is  most  pronounced  with 
the  motor  near  normal  speed  or  with  little  resistance  in  circuit. 
Theoretically  for  a  50  per  cent  overload  surge  we  should  be  able 
to  reduce  the  ohms  in  circuit  to  |  the  previous  value  whenever 
tiie  current  has  fallen  to  normal.  This  means  that  the  ohmic 
value  of  the  steps  decreases  toward  the  short  circuit  end. 

This  limits  the  arrangement  of  the  steps  on  speed  regulators 
^ce  a  regulator  must  also  perform  the  functions  of  a  starter; 
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If  equal  percentage  increase  in  speed  per  step  is  wanted,  (a 
geometrical  progression)  the  last  steps  must  be  larger  than  the 
first,  but  this  is  the  reverse  of  what  is  possible  with  equal  surges. 
If  equal  speed  increments  are  wanted,  (an  arithmetical  pro- 
gression) the  steps  should  be  of  equal  ohms,  approaching  more 
nearly  to  the  starting  requirements,  but  a  compromise  between 
the  desirable  speed  curve  and  good  starting  characteristics 
must  generally  be  made. 

While  the  coarseness  of  steps  is  thus  limited,  there  is  no  fimc- 
tional  limit  to  the  fineness  of  them,  commercial  considerations 
alone  governing  this. 
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Fig.   1 — Relation    between   speed,  current  and  resistance  assumed   for 
machine  regulation  design. 

Two  distinct  types  of  armature  speed  regulating  devices  are 
commercially  recognized.  These  are  commonly  known  as  **  ma- 
chine t3rpe  "  and  "fan  type''.  Machine  type  is  suitable  for 
motors  where  the  torque  or  current  necessary  for  operation  of  the 
motor  is  approximately  constant. 

Fan  type  is  the  term  applied  to  devices  where  the  torque  falls 
off  as  the  speed  decreases.  As  it  is  often  impractical  to  de- 
termine the  actual  load  a  motor  is  to  drive,  one  manufacturer 
designs  a  machine  type  regulator  for  50  per  cent  reduction  in 
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speed  with  80  per  cent  of  the  rated  motor  current  thus  allowing 
for  the  desired  speed  regulation  with  a  20  per  cent  variation  in 
the  actual  load.  If  the  motor  nms  at  its  full  rated  current,  the 
speed  reduction  possible  with  all  resistance  in  circuit  will  then 
be  62i  per  cent. 

The  relation  of  resistance  necessary  to  give  any  desired 
decrease  in  speed  on  the  asstmiption  that  the  load  current  follows 
a  straight  line  from  full  load  at  full  speed  to  80  per  cent  of  load  at 
half  speed  is  given  in  Fig.  1.  The  resistance  is  expressed  in  per 
cent  of  line  volts  divided  by  rated  current  of  motor,  thus  making 
the  formula  applicable  for  all  voltages  and  motor  ratings.  Fig.  2 
shows  a  similar  curve  as  laid  out  for  the  typical  fan  load.  The- 
oretically, the  horse  power  of  a  fan  varies  as  the  cube  of  the 
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Fig.  2 — Curves  for  fan  regulation  by  armature  resistance. 

speed.  Its  torque  therefore  varies  as  the  square  of  the  speed 
and  the  cturent  in  the  armature  circuit  should  vary  as  the  square 
of  the  speed.  The  friction  losses  will,  however,  vary  directly  as 
the  speed,  so  that  the  total  current  in  the  motor  armature  should 
vary  along  a  line  between  a  straight  line  and  the  square  curve. 
The  effect  of  the  friction  losses  will  be  much  greater  with  small 
fans  and  at  low  speed  and  Fig.  2  therefore  gives  several  current 
curves  for  motors  of  different  sizes,  the  large  sizes  approaching 
more  closely  to  a  square  curve,  while  the  small  sizes  more  closely 
approach  a  straight  line. 

From  an  inspection  of  these  ctirves  the  fact  becomes  apparent 
that  the  characteristics  of  the  load,  including  its  limiting  varia- 
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tions,  must  be  known  if  accurate  speed  control  is  expected  from 
commercially  standard  apparatus. 

There  are  some  calls  for  mgre  than  50  per  cent  speed  reduction 
for  special  purposes.  Ninety  per  cent  by  armature  resistance 
may  even  be  necessary.  If  90  per  cent  of  the  line  voltage  is 
dropped  in  the  resistance  with  a  given  current,  it  is  evident  that 
an  increase  of  11  per  cent  in  current  value  will  increase  the  re- 
sistance drop  to  full  line  voltage  and  leave  nothing  for  counter 
voltage.  If  the  current  decreases  11  per  cent  the  resistance 
drop  falls  to  80  per  cent  and  the  motor  speeds  up  to  double  the 
desired  speed.  For  such  wide  speed  reductions  by  straight  series 
resistance  it  is  therefore  necessary  that  the  load  be  determined 
very  accurately.  These  low  speeds  may  be  steadied  by  the  use 
of  a  resistance  in  shunt  to  the  armature.  The  effect  of  this  is 
to  make  a  portion  of  the  current  in  the  series  resistance,  and  thus 
part  of  the  voltage  drop  in  the  resistance,  independent  of  the  var- 
iations in  motor  current.  The  practical  limit  of  this  scheme  is 
the  amount  of  energy  that  may  be  wasted  in  the  resistance.  If 
the  motor  current  in  the  armature  is  infinitely  small  compared  to 
the  line  current,  then  its  variation  may  be  very  wide  with 
inappreciable  change  in  resultant  voltage  at  the  motor  terminals. 
A  large  wasted  current  is  not  only  uneconomical  but  impractical. 
The  armature  shunt  is  only  needed  at  low  speeds,  say  below 
25  per  cent  of  normal.  The  next  higher  speed  would  be  with 
straight  series  resistance.  The  load  and  desired  speed  determine 
the  ohms  at  this  point  and  thus  set  the  maximum  value  of  the 
total  current.  Greater  currents  would  mean  a  bad  jump  in  speed 
while  lower  currents  give  less  steadying  of  the  low  speed.  By 
the  following  formulas  the  values  of  shunting  resistance  may  easily 
be  determined  for  any  given  set  of  conditions. 

Let        £  =  Une  volts. 

£o  =  volts  counter  e.m.f.  of  armature. 

i^  =  ohms  series  resistance.     This  is  dictated  by  de- 
sired speed  with  series  resistance  only. 

i^  =  ohms  armatiu-e  and  brushes.  May  be  neglected 
where  £o>20  per  cent  £.  For  lower  values  of 
£o,  Ra  may  be  taken:  10  per  cent  E/I  for  5  h.p., 
5  per  cent  E/I  for  50  h.p.,  3  per  cent  E/I  for 
200  h.p. 
/«  =  armature  amperes — ^if  not  known  may  be  estimated. 
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i^,  =  ohnis  in  shunt.  This  will  usually  be  the  un- 
known. Derived  from  given  values  of  /„,  de- 
rived values  of  if,  known  values  of  E  and  Ra, 
and   desired  values  of  £«. 

/,= current  through  armature  shunt,  Rs. 

/recurrent  through  series  resistance  R. 

£,  =  voltage  across  armature  shunt,  Rs.  • 


Then 


and 


Ir  = 5 ,       Is  =  Ir  —  Iai     Es=Ea+IaRa 


jy  Es  n  R.Ea-\-R,Ia  Ra 

A,  =  ~f— ,     orA,  =  - 


/,    '      -*-^        E-Ea-IaRa-R.Ia 

Note: — For  constant  field  strength  the  speed  in  per  cent  of 
normal  will  vary  as  the  counter  e.m.f.  of  the  armature  in  per 
cent  of  the  counter  e.m.f.  at  normal  speed.  This  counter  e.m.f. 
or  Ea  at  normal  speed  equals  E  — la  Ra  or  line  volts  less  resistance 
drop  in  the  armature.  /«  Ra  for  speeds  above  20  per  cent  and  for 
large  motors  may  be  ignored. 

Resistance  Material 
The  limiting  features  in  the  resistance  material,  or  resistor, 
appear  in  getting  the  ciurent  into  the  resistor  and  getting  the 
heat  out  of  it.  The  limits  for  various  materials  used  as  resistors 
are  sometimes  found  from  one  factor  and  sometimes  from  the 
other.  Consider  in  a  general  way  the  matter  of  getting  current 
into  a  resistor.  Since  the  resistor  is  specifically  designed  for 
the  dissipation  of  heat,  we  shoidd  expect  it  to  reach  a  fairly  high 
temperature.  While  the  resistor  itself  may  be  of  a  material 
which  will  stand  high  temperature  without  oxidation  or  de- 
terioration of  its  surfacer  the  material  commonly  used  for  con- 
nectors, or  conductors  to  such  resistors,  is  subject  to  deteriora- 
tion at  reasonably  low  temperatures.  It  is  necessary  therefore, 
that  the  terminals  of  the  resistors  be  specially  designed  to  hold 
down  the  temperatures  at  this  point.  A  terminal  attached  to  a 
hot  resistor  must  necessarily  heat  considerably  by  conduction, 
and  if  to  this  conduction  is  added  a  considerable  amount  of 
internally  generated  heat,  the  temperature  is  apt  to  be  abnor- 
mally high.  A  gradation  of  temperature  is  wanted  between 
the  lead  wires  and  the  resistor  itself,  and  the  temperature  of  the 
lead  wire  and  terminal  should  be  kept  low  enough  to  prevent  the 
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melting  of  solder.  One  of  the  best  examples  of  trouble  with 
terminals  is  in  the  use  of  carbon  resistances.  Here  the  re- 
sistance of  the  contact  is  generally  higher  per  unit  of  area  than 
that  of  the  resistor.  Since  the  current  is  necessarily  the  same  in 
resistor  and  terminal,  this  local  increase  in  R  means  local  heating 
and  the  use  of  carbon  or  graphite  disk  resistance  which  has 
many  most  excellent  qualities  has  been  limited  by  this  terminal 
trouble.  The  same  is  true  of  water  resistances.  The  highest 
resistance  is  ordinarily  at  the  electrodes  causing  local  heating. 

How  to  get  the  heat  out  of  the  resistance  is  determined  by  a 
study  of  the  laws  of  the  flow  of  heat.  The  heat  can  be  dissi- 
pated by  radiation,  by  conduction,  or  by  convection  currents  of 
fluids.  All  three  methods  are  usually  available  to  a  greater  or 
less  extent.  In  the  case  of  enclosed  resistances  it  is  almost 
entirely  conduction  from  the  wire  to  the  exterior  surface.  In 
the  majority  of  cases,  the  final  disposition  of  the  heat  is  into  the 
air,  the  greater  portion  of  this  being  by  convection  ciurents  at 
ordinary  temperatures,  although  at  high  temperatures,  radiation 
plays  a  very  important  part. 

Since  practically  all  of  the  heat  from  a  rheostat  must  be  car- 
ried away  by  the  air  the  actual  design  for  a  given  limiting  tem- 
perature both  of  issuing  air  and  of  rheostat  exterior  must  be 
based  on  the  laws  of  ventilation.  The  highest  efficiency  occurs 
when  for  a  given  amount  of  resistance  material  the  quantity 
of  air  passed  through  the  rheostat  becomes  a  maximum.  Vertical 
flues  are  more  effective  than  horizontal  baffles.  The  higher  the 
temperature  of  the  flue  the  more  rapid  the  convective  air  cur- 
rents and  the  greater  the  permissible  watts  for  a  given  top  area. 
What  shall  we  take  as  a  limit?  Keces  of  paper,  wood,  cloth, 
etc.,  begin  to  char  at  about  225  deg.  cent.,  or  200  deg.  rise  above 
the  usual  room  temperature.  A  150  deg.  cent,  rise  would  then 
seem  to  be  a  safe  point  to  choose  for  a  limiting  temperature. 
But  this  limit  need  only  apply  to  the  parts  of  the  rheostat  which 
may  come  in  contact  with  external  objects.  With  embedded 
rheostats  this  would  mean  the  case.  In  the  open  type,  the  re- 
sistor itself  would  be  measured.  But  where  the  resistor  is  pro- 
vided with  a  frame  and  has  screens  to  prevent  the  entrance  of 
foreign  combustible  material  into  the  enclosure,  the  temperature 
limit  of  150  deg.  rise  should  apply  only  to  the  top  or  hottest  part 
of  this  frame.  The  interior  heating  surfaces  or  flues  should  be 
permitted  say  double  this,  or  300  deg.  cent.  rise.  There  wotdd 
then  still  be  a  considerable  factor  for  imforeseen  overload  before 
reaching  a  red  heat,  which  occurs  at  from  500  to  600  deg.  cent. 
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With  these  maximum  limits  established  it  then  only  remains  to 
consider  the  resistor  materials  and  the  temperatures  they  may 
stand  without  deterioration.  For  alloys  such  as  German  silver 
this  is  the  point  at  which  the  zinc  distills  off,  changing  its  charac- 
teristics as  a  resistor.  For  alloys  containing  manganese,  the 
distilling  point  of  this  metal  is  the  limit.  For  wrought  iron  or 
iron  wire,  the  limit  is  the  temperature  at  which  the  resistor  be- 
comes plastic,  which  is  dose  to  that  at  which  oxidation  becomes 
bad.  Cast  iron  can  be  run  indefinitely  at  a  dull  red  heat,  with 
only  very  slow  oxidation,  but  at  white  heat  the  oxidation  is  much 
more  rapid,  and  the  melting  point  is  the  final  limit.  For  carbon 
or  graphite,  a  bright  red  heat  allows  slow  oxidation  but  without 
immediate  deterioration. 

While  these  are  ultimate  temperature  limits,  a  factor  of  safety 
is  desired  and  the  Umiting  of  the  air  temperature  tends  to  hold 
temperature  of  resistor  much  lower.  As  a  rough  average  of 
commercial  structures  with  natural  ventilation,  the  surface 
temperature  of  an  open  resistor,  such  as  a  cast  iron  grid,  will  be 
about  350  deg.  cent  with  the  air  issuing  from  top  of  frame  at 
175  deg.  cent.  The  temperature  of  an  imbedded  resistor  may 
be  much  higher  than  the  surface  of  the  enclosing  material,  and 
this  temperature  gradient  from  resistor  to  surface  will  vary 
greatly  with  the  kind  of  material. 

Probably  the  best  way  to  bring  out  some  of  the  limits  of 
resistance  material  will  be  to  consider  specific  forms.  For  very 
large  currents  used  only  for  emergency,  or  tests,  a  water  rheostat 
is  admirably  adapted.  The  boiling  point  of  the  water  is  the 
temperattu-e  limit,  but  terminal  troubles  are  the  main  factor. 
It  is  comparatively  easy  to  get  the  current  into  the  electrodes, 
but  the  high  resistance  between  the  electrodes  and  liquid  con- 
ductors limits  the  current  which  can  be  carried  per  square  inch 
of  electrodes.  This  varies  with  the  liquid,  and  also  to  some 
extent  with  the  nature  of  the  electrodes,  so  that  no  specific  figures 
can  be  given  here. 

For  large  currents  one  naturally  ttuns  to  iron  for  a  cheap  and 
sturdy  resistor.  Old  rails  have  been  used  in  some  specific 
instances,  but  here  the  trouble  is  mainly  one  of  getting  the  current 
into  the  resistor  itself.  A  30-ft.  60-lb.  rail  has  a  resistance  of 
0.001  ohm  approximately.  When  used  for  very  intermittent 
service,  such  as  starting  a  large  motor,  it  will  absorb  220  kw. 
for  one  minute  with  a  temperattu-e  rise  of  approximately  100  deg. 
cent.     To  get  220  kw.  into  the  rail  with  a  resistance  of  0.001 
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ohm,  means  the  use  of  16,000  amperes,  and  the  shape  of  a  60-lb. 
rail  does  not  readily  lend  itself  to  the  attachment  of  15,000  am- 
pere terminals.  For  regulating  duty  its  shape  makes  it  ineffi- 
cient. 

The  limit  of  temperature  of  wrought  iron  or  steel  resistors  is 
the  plastic  stage.  To  prevent  deformation  tmder  their  own 
weight  would  require  frequent  insulating  supports,  making  such 
structures  expensive  and  generally  reducing  ventilation. 

Cast  iron  as  a  resistance  material  is  cheap,  easily  formed  so  as 
to  give  good  arrangements  for  terminal  attachments,  easQy 
adjusted  in  section  to  the  desired  resistance,  and  has  an  ex- 
tremely narrow  temperature  range  during  which  it  is  plastic. 
Ordinarily  if  the  plastic  temperature  is  reached,  it  will  very 
quickly  pass  to  the  melting  point  and  the  grid  instead  of  re- 
maining in  circuit  badly  damaged,  will  melt  and  open  the  circuit. 

Cast  grids  reach  the  limit  of  heavy  currents  due  to  terminal 
features,  while  with  low  currents  the  limit  is  the  ability  to  get 
sufficiently  high  resistance.  By  casting  the  grid  with  consider- 
able mass  of  metal  at  the  point  of  terminal  connection,  the  genera- 
tion of  heat  in  the  terminal  due  to  its  own  resistance  is  reduced. 
The  conducted  heat  from  the  hot  section  is  dissipated  from  the 
large  terminal  surface  at  a  low  temperature.  The  terminals 
may  also  be  placed  out  of  the  heated  air  flue  and  in  a  column  of 
comparatively  cool  air.  Manufacturing  conditions  limit  the 
size  of  these  terminal  lugs,  and  since  the  current  is  carried  from 
one  grid  to  the  other  through  the  surfaces  of  these  lugs,  this 
current  capacity  between  lugs  becomes  a  limiting  feature.  In 
ordinary  commercial  practice  this  limiting  feature  coincides 
fairly  well  with  the  limits  of  current  capacity  of  wires  which 
are  easily  handled  for  attachment  into  such  terminals.  About 
300,000  cir.  mil  stranded  wire  is  as  heavy  as  shotdd  be  used. 
When  carrying  current  continuously  this  means  about  400  am- 
peres, while  when  worked  very  intermittently,  it  may  be  used 
up  to  1200  or  1500  amperes.  This  is  the  top  limit  that  shotdd 
be  used  on  a  single  circuit,  and  greater  currents  should  be  di- 
vided on  parallel  circuits. 

The  resistance  that  can  be  obtained  determines  the  low  current 
limit  of  cast  iron  grids.  A  section  3/32  by  i  in.  by  8  in.  long  can 
be  cast,  but  a  long  section,  or  several  loops  of  this  size  will 
scarcely  support  its  own  weight,  and  must  be  supported.  Cast 
iron  varies  a  little  in  its  specific  resistance,  castings  from  the 
same  heat  running  about  500  ohms  per  cir.  mil-ft.  for  heavy  sec- 
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tions  and  a  little  higher,  or  about  550  ohms,  for  very  thin  sec- 
tions. The  thinnest  practical  section  grid  is  commercially 
economical  for  continuous  current  dissipation  down  to  about 
20  amperes,  but  below  that  weight,  space,  and  cost  must  be 
sacrificed. 

Attempts  have  been  made  for  years  to  find  alloys  of  iron  having 
a  higher  specific  resistance,  to  extend  the  economical  range  of  this 
construction  below  the  20-ampere  limit.  The  high  cost  of  these 
alloys  has  so  far  prevented  their  commercial  adoption.  Alloys 
of  copper,  nickel  and  other  metals  which  have  very  high  specific 
resistances  are  practically  useless  for  this  structure,  because  of 
their  plastic  stage  being  reached  at  comparatively  low  tem- 
peratures with  the  result  that  they  distort  under  commercial 
operating  conditions.  The  high  cost  of  the  alloy  itself  combined 
with  the  relatively  low  temperature  at  which  it  must  be  worked, 
makes  other  forms  of  supported  material  much  more  eco- 
nomical. While  above  20  amperes  continuous  duty  the  cast 
grid  has  no  serious  rival,  below  20  amperes  some  other  form  is 
necessary. 

Space  and  weight  consideration  necessitate  a  resistor  of  high 
specific  resistance.  Iron  wire  meets  this  condition  economically, 
but  its  high  temperature  coefficient  and  liability  to  rust,  limit 
its  field  to  fairly  low  temperatures.  High  resistance  alloys  are 
expensive  and  their  commercial  use  requires  that  the  weight  b6 
kept  down  to  a  minimum.  More  heat  can  be  carried  away  from 
a  wire  by  conduction  through  even  poor  heat  conductors,  than 
by  convection  of  air  and  radiation,  for  a  given  temperattu'e 
above  the  stirrounding  medium.  This  has  led  to  covering  such 
resistors  with  cement,  enamel  or  mica,  conducting  the  heat  from 
the  wire  and  distributing  it  over  a  larger  surface  from  which  it 
passes  to  the  air  with  a  lower  surface  temperatiu'e.  Alloy 
resistance  wires  are  generally  plastic  at  comparatively  low  tem- 
peratures.    This  necessitates  frequent  points  of  support. 

The  limits  of  stiffness  of  resistor  and  its  inherently  small  surface 
have  led  to  a  form  consisting  of  a  heat  resisting  insulating  base, 
on  which  the  wire  is  wotmd,  and  some  heat  resisting  insulating 
covering  attaching  the  wire  to  the  base.  The  high  current  limit 
of  such  construction  is  primarily  its  cost,  where  cast  iron  grids 
can  be  economically  used,  coupled  with  difficulty  of  winding 
and  clamping  heavy  resistor  wires,  and  of  bringing  out  suitable 
terminals.  Unequal  expansion  of  resistor  and  covering  crack 
the  latter  if  the  wire  is  too  heavy.     There  is  no  low  ciurent 
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limit  to  such  constructions.  The  resistance  that  can  be  put  into 
a  given  space  is  limited  only  by  the  size  and  specific  resistance  of 
the  wire  obtainable. 

The  temperattu-e  limit  of  such  resistance  units  is  much  the 
same  as  for  cast  grids.  For  the  same  temperature  of  air,  175  deg. 
cent,  approximately  the  same  temperature  of  tmit  stuface  may 
exist,  about  350  deg.  cent.  The  actual  temperature  of  the  re- 
sistor will  vary  widely  with  the  thickness  and  nature  of  the 
covering  over  it.  Alloys  are  obtainable  which  will  be  stable  up 
to  even  1500  deg.  cent,  while  the  covering  will  generally  de- 
teriorate at  red  heat  or  a  little  above. 

For  continuous  duty  the  order  of  limitations  for  such  units  is, 
first,  temperattu-e  of  issuing  air,  second,  temperature  of  covering 
and  third,  melting  point  of  the  resistor.  When  used  for  inter- 
mittent or  starting  duty  the  order  of  the  limits  ntiay  be  reversed. 
It  takes  some  time  to  heat  up  the  resistor  covering  to  a  point 
where  it  will  give  up  heat  to  the  air.  The  entire  heat  generated 
during  a  period  of  service  may  be  absorbed  by  the  unit  and  only 
gradually  conducted  to  the  exterior. 

With  a  heavy  covering  of  low  heat  conductivity  the  maximum 
surface  temperature  may  not  be  reached  till  several  minutes 
after  ciurent  is  cut  off.  This  indicates  a  steep  temperature 
gradient  in  the  covering.  If  the  rate  of  heat  generation  in  the 
resistor  is  higher  than  conduction  can  carry  it  away,  the  tem- 
perature of  the  resistor  must  rise.  Up  to  a  certain  point  this 
rise  in  temperature  seems  to  increase  the  rate  of  heat  conduction 
and  a  balance  is  reached  if  given  sufficient  time.  There  appears 
however,  to  be  a  limiting  rate  of  watt  dissipation  for  a  given 
wire,  above  which  the  resistor  melts  or  vaporizes  almost  as  soon 
as  current  is  put  on,  acting  very  much  like  an  enclosed  fuse. 
When  this  action  has  occurred  it  is  easily  detected  by  examina- 
tion of  such  a  damaged  unit.  If  gradually  overloaded  the  re- 
sistor opens  at  the  weakest  point,  and  shows  evidence  of  high 
heat  on  the  covering.  If  suddenly  overloaded  to  this  limit  the 
temperature  rises  so  rapidly  that  the  weakest  spot  does  not  have 
time  to  interrupt  the  circuit  before  several  other  spots  have 
melted  and  opened  the  circuit,  apparently  simtdtaneously, 
yet  without  any  evidence  of  overheating  showing  on  the 
covering. 

For  momentary,  intermittent  or  starting  duty,  the  order  of 
limits  is  therefore  first  the  temperature  of  the  resistor,  second 
that  of  the  covering  and  third  that  of  the  air. 
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Contact  Limits 

The  limitations  of  contacts  or  switching  parts  are  carrying 
capacity,  and  commutating  capacity,  the  latter  including  aUlity 
to  make,  as  well  as  break  a  circuit. 

The  carrying  capacity  of  a  contact  cannot  be  defined  ac- 
curately by  a  current  density  per  unit  of  area  of  contact,  but 
involves  the-material  of  the  surfaces,  the  presstwe  per  unit  of 
area,  and  the  mass  and  surface  adjacent  to  the  contact. 

Of  the  commercially  possible  materials  silver  is  probaHy  best. 
It  has  a  fairly  high  specific  heat  and  good  heat  conduction,  and 
the  oxide  is  a  good  conductor.  The  latter  is  the  main  point,  as 
the  insulating  oxide  of  other  metals  tends  to  reduce  the  area  of 
contact. 

Copper,  brass  and  carbon  follow  in  the  order  given. 

While  carbon  has  a  relatively  high  specific  resistance  and  high 
contact  resistance  it  is  used  very  extensively  as  a  material  for 
sliding  contacts  because  of  its  freedom  from  welding,  and  its 
ability  to  withstand  local  high  temperature  without  injury. 

Laminated  copper  leaf  brushes  giving  a  well  distributed  pres- 
sure over  the  contact  area  are  commercially  best  for  large  cur- 
rents. 

Contacts  or  switching  devices  in  connection  with  rheostats 
must  generally  commutate  current  as  well  as  carry  it,  and  this 
feature  limits  the  use  of  the  various  forms. 

A  sliding  contact  can  make  a  circuit  only  through  a  leading 
point  or  line.  Where  this  circtiit  parallels  another  circuit  of 
relatively  high  resistance  nearly  the  entire  ciuTent  passes  through 
the  line  contact.  This  tends  to  heat  the  contact  locally.  If 
there  is  a  good  mass  of  heat-absorbing  material  closely  adjacent 
to  the  line,  the  actual  temperature  rise  may  be  small,  but  if  there 
is  little  mass  the  line  may  quickly  reach  the  fusing  point.  With 
copper  or  brass  this  may  result  in  welding;  with  carbon  it  will 
cause  burning. 

These  considerations  lead  to  the  limits  of  capacity  of  forms  of 
contact.  Round  buttons  make  contact  with  the  shoe  practically 
at  a  point,  and  the  curved  shape  reduces  the  adjacent  mass. 
Segment  forms  make  contact  on  a  line,  with  larger  masses  ad- 
jacent. Knife  blade  contacts  make  one,  or  with  very  good 
fitting,  two  line  contacts  with  small  mass.  The  **  butt  '*  type 
approaches  stuface  contact,  and  if  of  massive  form  has  the  mass 
adjacent  to  all  parts  of  the  surface.  A  butt  contact  with  a  light 
spring  is  no  better  than  a  sliding  contact. 
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On  making  a  circuit  the  current  tending  to  heat  the  point  of 
contact  is  determined  by  the  resistance  in  circuit  and  the  voltage. 
For  the  same  current  the  heating  is  the  same  no  matter  what  the 
voltage.  On  opening  a  circuit  the  voltage  is  the  controlling 
factor.  Below  about  27  volts,  no  arc  will  form,  and  the  heating 
ceases  when  the  surfaces  separate.  Above  this  an  arc  tends  to 
form,  with  heating  and  burning.  If  the  contacts  are  cold  and 
massive,  and  the  current  small  the  arc  may  not  heat  enough  metal 
even  locally  to  maintain  itself.  Either  high  voltage  or  high 
current,  or  to  consider  both,  a  high  energy  loss,  tends  to  neu- 
tralize the  effect  of  mass  by  heating  the  arcing  point  faster 
than  It  is  cooled  by  conduction. 

This  is  illustrated  by  the  arcing  distance  of  inductive  circuits. 
On  a  test  of  the  length  of  arc  maintained  when  one  or  more 
magnetic  switch  circuits  were  opened,  using  heavy  copper  con- 
tacts, separated  at  slow  speed,  it  was  found  that  up  to  a  certain 
ciurent  for  any  given  voltage  the  arc  would  not  hold  0.01  in. 
The  smallest  ciurent  that  woiild  arc  this  distance  would  often 
arc  across  a  gap  five  times  as  large.  Raising  the  current  value 
would  often  run  the  arcing  length  up  faster  than  the  current. 
These  values  would  have  been  materially  changed  for  contacts 
of  different  weight  and  shape. 

There  are  five  factors  that  limit  the  amount  of  resistance 
than  can  be  cut  into  circuit;  first,  the  voltage,  determined  ap- 
proximately by  the  current  times  the  resistance  of  the  step. 
Since  there  is  generally  some  induction  in  a  circuit,  tending  to 
maintain  the  current  at  its  initial  value,  the  value  of  the  current 
existing  before  the  introduction  of  the  resistance  must  be  used. 
Second,  the  value  of  the  current.  Third,  nature  of  the  contact, 
Fourth,  the  length  of  the  gap.     Fifth,  the  speed  of  operation. 

Below  27  volts  the  length  of  the  gap  need  not  be  considered, 
but  the  other  factors  all  enter  by  reason  of  local  heating  on  re- 
duced surface  of  contact. 

Above  27  volts,  unless  the  currents  are  small  compared  to 
mass  of  contacts,  gap  length  is  important  and  becomes  a  definite 
limiting  feature  on  sliding  contacts  which  must  bridge  the  gap. 
Filling  the  gap  with  insulating  material  to  prevent  the  moving 
contact  from  falling  between  the  fixed  contacts,  is  dangerous 
as  the  arc  drawn  over  the  surface  carbonizes  the  insulator,  even 
if  contact  dust  does  not  form  a  leakage  path  over  its  surface. 

Step  voltages  therefore  limit  the  use  of  sliding  contacts. 

Knife  blade  contacts  may  be  used  when  handled  quickly  to 
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eliminate  the  effect  of  small  surface  and  small  mass.  Butt 
contacts  generally  supply  the  mass  element. 

Appljdng  these  limits  to  types  previously  considered,  we  find 
that  for  field  rheostats  or  dimmers,  having  relatively  light  con- 
tacts, small  spacing,  and  slow  or  indefinite  motions,  stepping 
of  resistance  must  be  small  to  prevent  arcing  on  cutting  in  re- 
sistance, and  still  smaller  to  prevent  shunting  too  large  a  portion 
of  the  total  current  through  a  line  contact  when  coming  in  or 
going  off  a  contact. 

On  a  motor  speed  regulator  with  sliding  contacts  and  a  device 
for  holding  the  moving  contact  squarely  on  the  fixed  contact, 
coarser  steps  may  be  used  as  the  local  heating  effect  is  eliminated. 
On  a  motor  speed  regulator  having  a  switch  form  of  contact  the 
steps  may  be  as  coarse  as  the  switch  will  open. 

On  a  motor  starter  with  sliding  contacts  the  steps  may  be 
coarser  than  on  a  regulator  as  the  service  is  intermittent  and 
heating  effect  reduced.  The  resistance  is  not  normally  cut  into 
circuit  slowly,  so  the  arcing  effect  of  the  voltage  per  step  may  be 
neglected.  When  stopping  a  motor  by  a  resistance  starter  the 
current  in  the  starter  is  low  by  reason  of  the  motor  cotmter 
voltage  nearly  equalling  line  voltage. 

In  conclusion  it  may  be  well  to  state  a  few  factors  which  will 
serve  as  short  cuts  to  the  consideration  of  sizes  of  rheostats. 
The  maximum  energy  dissipation  in  an  adjustable  resistance  in 
series  with  a  fixed  resistance  across  a  given  voltage  occurs  when 
the  adjustable  resistance  in  circuit  is  equal  in  value  to  the  fixed 
resistance. 

When  the  voltage  over  the  rheostat,  varies  as  a  result  of  chang- 
ing its  resistance,  (as  in  a  field  regtdator  or  dimmer)  the  series 
connection  of  steps  makes  the  most  efficient  use  of  resistance 
material. 

When  the  voltage  over  the  rheostat,  however,  does  not  change 
greatly  with  a  change  in  its  resistance,  parallel  connection  of 
steps  gives  the  best  use  both  of  resistor  and  of  contact  material. 
A  load  rheostat,  which  is  used  in  series  with  an  external  resistance 
of  negligible  value,  is  an  example  of  this.  Here  each  step  is 
arranged  to  pass  a  certain  current,  and  at  maximum  load  all 
resistance  material  is  active. 
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ELEVATOR  CONTROL 


BY   T.    E.    BARNUM 


The  elevator  problem  is  really  one  of  service,  and  the  general 
character  of  the  elevator  equipment  must  depend  upon  the 
character  of  service  to  be  rendered.  The  service  to  be  rendered 
by  an  elevator  depends  upon  the  number  of  passengers  carried 
and  the  number  of  floors  served;  and  is  limited  by  the  time 
taken  by  passengers  entering  and  leaving  the  car,  and  the  time 
required  for  acceleration  and  for  retardation,  as  well  as  the 
actual  time  spent  in  traveling  at  full  speed. 

The  engineer  is  then  called  upon  to  bring  about  the  most 
effective  combination  of  lifting  power,  speeds,  acceleration  and 
retardation  for  the  requirements  of  a  given  building. 

For  the  small  office  building  with  two  or  three  elevators, 
express  service  to  the  upper  floors  is  not  possible,  so  that  each 
elevator  is  required  to  stop  at  any  floor.  This  often  means  stop- 
ping at  every  floor.  Under  these  conditions  the  important  factor 
is  the  ability  to  start  and  stop  the  elevator  quickly  and  economi- 
cally. The  question  of  hoisting  speed  is  of  minor  importance, 
as  the  schedule  time  for  a  trip  depends  so  much  upon  the  time 
taken  to  start  and  stop. 

For  the  large  office  building,  a  sufficient  ntunber  of  elevators 
is  provided,  so  that  express  service  is  possible  on  some  elevators, 
and  here  the  question  of  speed  is  of  importance.  However,  for 
a  part  of  the  distance  traveled  local  service  must  be  rendered  so 
that  the  capabilities  of  a  quick  start  and  stop  can  not  be  ne- 
glected. 

In  spite  of  the  fact  that  the  elevator  may  have  to  stop  at 
every  floor  and  that  under  these  conditions  it  can  not  attain  full 
speed,  the  capacity  of  the  elevator  in  passengers  per  hour  is  a 
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maximum  when  the  car  is  fiill>  that  is,  starts  with  the  car  full 
to  distribute  the  passengers  to  the  several  floors,  and  in  returning 
reaches  the  main  floor  full  of  people.  This  result  follows  from 
the  good  speed  regulation  of  the  shunt  motor  over  its  full  range 
of  load.  The  condition  is  not  the  same  with  a  hydraulic  ele- 
vator, as  the  speed  varies  with  the  load  and  the  capacity  of  the 
elevator  in  passengers  per  hour  is  a  maximum  when  loaded  to 
60  to  70  per  cent  of  its  capacity. 

Two  types  of  electric  elevators  have  been  developed  to  meet 
these  services;  one,  the  worm  gear  drive  with  moderate  speed 
motor,  the  other,  the  gearless  drive  with  special  slow  speed  motor. 
I  propose  to  discuss  these  two  principal  types  with  special 
reference  to  office  building  requirements,  and  by  an  analysis  of 
some  control  systems  and  elevator  performances  to  bring  out 
their  principal  features. 

The  worm  gear  drive  is  used  with  a  winding  drum  for  short 
rises,  and  with  the  traction  type  of  hoist  when  the  rise  is  large. 
While  the  use  of  the  worm  gear  results  in  a  loss  in  efficiency  from 
the  motor  to  the  load,  this  loss  can  be  reduced  to  a  reasonable 
amount  by  a  correctly  cut  worm  and  worm  gear,  and  the  use  of 
ball  thrust  bearings.  The  gear  drive  permits  the  use  of  a  mod- 
erate speed  motor  of  low  cost,  and  high  efficiency,  and  what  is 
most  important,  with  a  wide  range  of  speed  control  by  field 
resistance.  This  speed  control  gives  economical  operation  at  a 
comparatively  low  speed  and  with  certain  classes  of  elevator 
service  results  in  such  an  increase  in  electrical  efficiency  as  com- 
pared to  the  gearless  motor  as  to  offset  entirely  the  loss  due  to 
the  gear  drive. 

In  general  the  best  results  have  been  obtained  by  using  an 
adjustable  speed  motor  with  a  2  to  1  speed  range  by  shunt  field 
control.  This  gives  an  economical  speed  of  one  half  of  the  maxi- 
mum, which  will  be  called  the  normal  speed  of  the  motor  or 
elevator.  Under  a  given  load,  the  horse  power  output  of  the 
motor  at  this  normal  speed  is  one  half  its  maximum,  and  it  is 
possible  to  proportion  the  starting  resistance  and  the  current 
inrush  for  acceleration  from  this  lower  value,  and  obtain  prompt 
acceleration.  This  also  gives  the  operator  positive  control  of 
the  elevator  speed,  so  that  he  can  slow  down  to  half  speed  quickly 
regardless  of  load.     This  also  retiuns  some  power  to  the  line. 

It  is,  of  course,  necessary  to  give  the  operator  a  still  slower 
speed  in  order  that  he  may  make  an  accurate  landing  easily. 
This  slow  speed  is  obtained  by  introducing  resistance  in  series 
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with  the  armattire  and  by  shunting  the  armature  with  a  section 
of  resistance  of  low  ohmic  value  relatively.  In  this  way  it  is 
possible  to  give  a  slow  speed  of  25  per  cent  of  the  normal  speed 
that  does  not  vary  very  much  with  the  load  in  the  car.  The 
elevator  operator  thus  has  an  effective  speed  range  of  8  to  1. 

Diagram  No.  1  shows  in  developed  form  the  circuits  for  such 
an  elevator  motor.  The  switches  of  the  controller  are  indicated 
by  X.  The  motor  armature  circuit  is  controlled  by  three  switches, 
the  main  switch,  and  the  two  poles  of  the  reverse  switch.  This 
arrangement  also  disconnects  the  armature  resistance,  the  series 
brake  coil,  and  the  series  field  winding  from  both  sides  of  the 
line  in  the  "  off  "  position  of  the  controller.  The  shunt  field  of 
the  motor  is  partially  energized  in  the  "  off  "  position;  ih^  field 
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weakening  switch  is  closed  but  the  field  relay  is  open,  leaving  the 
fiM  maintaining  resistance  in  circuit.  The  principal  reason 
for  this  is  to  obtain  a  quick  start.  The  slow  speed  is  obtained 
with  the  main,  reverse  switch  and  dynamic  brake  switches 
closed,  and  of  course  with  full  field  strength  by  closing  both  the 
field  weakening  switch  and  the  field  relay.  The  coil  of  the  dy- 
namic brake  switch  is  connected  to  the  motor  armature  so  that 
this  circuit  is  kept  closed  in  stopping  until  the  motor  comes 
practically  to  rest,  and  the  braking  effect  of  the  current  gen- 
erated in  this  local  circuit  is  available  at  all  times  to  assist  the 
mechanical  brake. 

Where  the  elevator  runs  at  a  fairly  high  speed,  it  is  not  possible 
to  get  a  smooth  stop  from  the  mechanical  brake  alone  without 
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excessive  coasting.  Excessive  coasting  is  objectionable  because 
of  the  varying  amount  of  **  coast  "  with  varying  loads.  It  is 
thus  impossible  to  set  the  limit  switches  to  stop  the  elevator 
with  maximum  load  and  to  have  the  car  come  sufficiently  close  to 
the  landing  at  light  loads.  The  energy  stored  in  the  moving 
mass  is  proportional  to  the  square  of  the  velocity.  The  me- 
cham'cal  brake  is  capable  of  absorbing  this  energy  in  direct  pro- 
portion to  the  velocity,  only.  While  the  dynamic  brake  will 
dissipate  energy  proportional  to  the  square  of  the  velocity,  the 
mechanical  brake  is  necessary,  and  a  judicious  combination  of 
the  two  gives  highly  satisfactory  results. 

The  mechanical  brake  is  released  by  power  and  is  applied  by 
a  spring  or  weight.  The  brake  mag-net  has  a  series  and  a  shunt 
winding;  the  brake  being  held  released  by  the  shunt  winding  only, 
but  the  two  working  together  to  raise  the  brake  shoes.  This 
arrangement  reduces  the  size  of  the  brake  magnet  and  at  the 
same  time  gives  an  interlock  such  that  the  brake  cannot  be 
released  until  the  motor  armature  is  connected  to  the  line. 

The  acceleration  is  controlled  by  the  four  series  relays.  No.  1 
series  relay  controls  the  cutting  out  of  the  first  step  of  resistance, 
No.  2  the  second  step,  No.  3  the  third  step,  and  the  last  series 
relay  controls  the  opening  of  the  field  weakening  switch,  and 
therefore  the  increase  in  speed  from  normal  to  maximtim.  It 
has  been  found  possible  to  cut  the  field  weakening  resistance  into 
circuit  in  one  step,  and  obtain  a  very  smooth  acceleration,  be- 
cause of  the  damping  effect  of  the  series  field  winding  which  is 
short  circuited  on  itself  through  a  path  of  low  resistances.  The 
field  weakening  switch  is  made  so  that  an  arc  is  permitted  to 
form  momentarily  as  the  switch  opens,  thus  assisting  in  the 
gradual  reduction  of  the  shunt  field  current.  This  arrangement 
for  weakening  the  field  gives  a  very  smooth  acceleration  and 
simplifies  the  controller. 

Diagram  No.  2  shows  in  developed  form  the  control  circuits 
for  this  elevator.  The  car  switch  lever  is  a  segment  which  con- 
nects contacts  1,  2,  3  and  4,  either  side  of  the  "  off  "  position. 
In  general  the  opening  of  a  control  circuit  anjrwhere  results  in 
the  slowing  down  or  the  stopping  of  the  elevator.  The  coils  of 
switches  controlling  directly  the  starting  of  the  motor  are  in 
series,  these  being  the  two  coils  of  the  reverse  switch,  the  brake 
relay  and  the  main  switch.  The  brake  relay  opens  one  side  of 
the  line  to  the  shunt  brake  coil,  and  also  operates  the  shunt 
field  relay.     This  circuit  is  opened  to  stop  the  elevator  by  the 
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operator  from  the  car  switch,  by  the  machine  limit  switch,  which 
is  two-pole,  by  the  overload  relay,  by  the  overtravel  limit  switches, 
by  the  overspeed  switch,  by  the  slack  cable  switch  or  by  the  car 
safety  switch.  If  the  car  is  stopped  by  the  machine  limit  switch, 
as  is  the  case  ordinarily,  the  operator  may  reverse  the  elevator 
by  reversing  the  car  switch.  If  the  overload  relay  stops  the 
car,  the  shunt  coil  of  the  relay  connected  to  contact  No.  1  holds 
the  relay  up  and  its  circuit  open  until  the  car  switch  is  moved 
to  the  "  off  "  position.  The  overload  relay  can  thus  be  reset 
at  any  time  from  the  car  switch.  If  the  car  is  stopped  by  any  of 
the  other  switches,  it  can  not  be  started  again  until  some  one 
goes  to  the  machine  and  takes  care  of  the  part  causing  the  switch 
to  operate.     The  slow  speed  relay  controlled  through  contact 


Diagram  No.  2 

No.  3,  controls  the  set  of  switches  for  accelerating  the  car,  and 
the  dynamic  brake  switch.  When  this  circuit  is  opened  the 
armature  resistance  is  cut  into  circuit  and  the  dynamic  brake 
switch  is  closed.  The  machine  limit  switch  also  opens  this  cir- 
cuit to  slow  the  motor  down  before  stopping.  The  field  weaken- 
ing resistance  is  cut  into  the  field  circuit  by  energizing  the  field 
weakening  switch,  so  that  opening  this  circuit  slows  the  elevator 
down  to  normal  speed. 

Also  as  far  as  possible  switches  in  the  main  control  circuit  are 
double  pole,  or  the  equivalent.  Although  the  car  switch  itself 
is  single  pole  only  in  one  side  of  the  line  to  the  controller,  a  car 
safety  switch  is  installed  within  reach  of  the  operator  which  is 
connected  by  a  separate  two-wire  cable  in  the  other  side  of  the 
line  to  the  controller.     The  machine  limit  switch,  slack  cable 
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switch,  and  overspeed  switch  are  double  pole,  as  shown.  Of 
course,  where  the  machine  is  of  the  traction  type,  the  limit 
switches  are  installed  in  the  hatchway,  and  operated  by  the  car 
itself. 

In  the  circuit  including  the  main  switch  and  reversing  switch 
is  an  interlocking  resistance  so  proportioned  that  the  switches 
will  not  close  if  this  resistance  is  in  circuit.  This  resistance  is 
short  circuited  only  when  all  of  the  resistance  switches  are  open, 
so  that  the  motor  circuit  cannot  be  closed  unless  all  the  armature, 
starting  resistance,  the  series  field  and  the  series  brake  coil  are  in 
the  circuit.  This  arrangement  makes  it  possible  to  reverse  the 
elevator  quickly,  or  to  "  plug  "  the  motor. 

Fig.  1  illustrates  the  switch- 
board of  a  controller  having 
general  connections  as  shown  in 
Diagrams  1  and  2.  The  per- 
formance of  such  a  controller  is 
illustrated  by  Curves  No.  1,  2 
and  3.  These  and  the  other 
curves  shown  were  taken  by  two 
recording  ammeters,  coupled 
together  so  as  to  synchronize. 
One  ammeter  was  connected  in 
the  armatiu'e  circuit  and  the  cur- 
rent indicated  by  this  instru- 
ment is  shown  by  the  full  line. 
The  other  instrument  was  con- 
nected in  the  line  circuit  and 
this  current  is  shown  by  the 
dotted  line.  Having  these  curves 

and  knowing  what  the  various  current  peaks  mean,  it  is  possible 
to  tell  just  what  the  motor  was  doing. 

The  dotted  line  showing  the  line  current  reads  positively  below 
the  center  line  on  some  of  the  curves  and  above  the  center  line  on 
the  others.  By  following  the  text  and  noting  carefully  the  relation 
of  the  armature  current  and  line  current  to  the  operation  con- 
dition of  the  elevator,  it  is  very  easy  to  understand  the  curves. 

In  order  to  show  what  the  various  cxurent  peaks  mean,  the 
car  switch  was  moved  to  the  full  speed  position  step  by  step. 
The  result  is  shown  by  Ctu^e  No.  1 .  Current  peak  A  is  obtained 
when  the  car  switch  is  moved  to  the  first  or  slow  speed  position. 
While  running  on  this  point  the  line  current  is  greater  than  the 
armature  current,  as  the  armature  is  shunted  by  the  d5niamic 


Fig.  1 
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brake  resistance.  Current  peak  B  is  obtained  when  the  car 
switch  is  moved  to  the  second  or  normal  speed  position.  This 
opens  the  shunt  around  the  armature  and  cuts  out  the  starting 
resistance.  Current  peak  C  is  obtained  as  the  switch  is  thrown 
to  the  third  or  maximum  speed  position,  weakening  the  shunt 
field  and  doubling  the  speed  of  the  motor  and  elevator.  The  car 
switch  was  then  thrown  quickly  to  the  "  off  "  position,  giving  the 
dynamic  brake  current  peak  D,     The  car  s^Hltch  was  then 
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Curve  No.  1 


thrown  in  the  reverse  direction,  reversing  the  elevator,  and  giving 
the  same  three  current  peaks  -4,  J5  and  C. 

The  car  switch  was  then  moved  step  by  step  to  the  "  off  " 
position.  Moving  the  switch  back  to  the  normal  speed  position 
strengthens  the  shunt  field  and  gives  current  peak  E,  It  is  to 
be  noted  that  some  current  is  here  returned  to  the  line,  changing 
from  a  positive  or  power  current  of  about  50  amperes  to  a  nega- 
tive or  braking  current  of  about  90  amperes.     Moving  the 
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Curve  No.  2 


switch  to  the  slow  speed  position  gives  current  peak  F,  and 
moving  the  switch  to  the  *'  off  "  position  gives  current  peak  G. 
Curve  No.  2  was  taken  from  the  same  elevator,  showing  first 
automatic  acceleration  from  rest,  and  then  *'  plugging  "  the 
motor.  The  steps  of  armature  resistance  and  the  weakening 
of  the  field  can  be  seen  readily.  Note  that  the  controller  always 
starts  to  cut  resistance  out  of  the  circuit  at  about  100  amperes. 
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This  is  the  result  of  the  series  relay  system  of  automatic  ac- 
celeration. Note  also  the  decreasing  peaks  of  current.  It  might 
be  thought  that  a  jar  would  be  felt  in  the  car  when  the  field  is 
thus  weakened  in  one  step,  but  this  is  not  so.  The  acceleration 
is  very  smooth.     Note  also  the  overlapping  of  the  armature  cur- 
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Curve  No.  3 

rent,  showing  the  dynamic  brake  slowing  the  motor  down  before 
power  is  applied  in  the  reverse  direction.  This  is  due  to  the 
time  element  of  the  switches  and  the  electrical  interlock.  It  is 
possible  to  add  a  second  interlock 
which  will  make  it  impossible 
to  reverse  until  the  motor  has 
come  to  rest.  The  ability  to 
reverse  quickly  is  always  pre- 
ferred by  the  owner  as  it  saves 
time. 

Curve  No.  3  was  taken  from 
the  same  elevator  to  show  the 
variation  of  the  time  taken  to 
accelerate  with  the  load.  Curve 
A  B  is  hoisting  a  fair  load.  The 
elevator  was  then  slowed  to 
normal  speed  and  then  stopped. 
Curve  C  D  is  lowering  a  heavy 
load.  Note  that  current  is  be- 
ing returned  to  the  line  when 
the  elevator  is  running  at  maxi- 
mum speed.  Curve  E  F  is  hoist- 
ing a  very  heavy  load. 

Curves  1,  2  and  3  were  taken  from   a   30-h.p.  230-volt  worm 
gear  traction  elevator  running  at  350  ft.  per  min. 

Dash  pot  timing  of  the  acceleration  also  gives  satisfactory 
results.     Fig.  2  shows  a  controller  with  dash-pot  acceleration, 


Fig.  2 
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and  Diagram  No.  3  shows  the  general  control  circuit  connections. 
In  general  the  scheme  of  connections  is  the  same  as  for  Diagram 
No.  2.  The  performance  of  such  an  elevator  is  shown  by  Curves 
No.  4  and  6.  This  was  a  worm  gear  drum  machine  operating 
at  360  ft.  per  min.  and  driven  by  a  25-h.p.  220- volt  motor  having 
a  speed  range  by  field  control  from  525  to  850  rev.  per  min. 
This  controller  gave  two  speeds  only,  normal  and  maximum. 
The  dynamic  brake 'was  applied  only  in  the  **  off  "  position  to 
assist  the  mechanical  brake.  Referring  to  Curve  No.  4,  curve 
A  B  shows  acceleration  of  a  fair  load,  current  peak  C  shows 
acceleration  from  rest  to  normal  speed  of  a  heavier  load.  The 
increasing  starting  current  with  constant  time  of  acceleration 
may  be  noted.  Current  peak  D  occurs  as  the  field  is  weakened  to 
accelerate  to  maximum  speed.  The  car  switch  was  then  thrown 
back  to  normal  speed,  giving  current  dip  E,  and  then  to  the  "  off  " 
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Diagram  No.  3 

position.  The  elevator  was  then  reversed  to  lower  the  heavy 
load.  Current  peak  F  is  accelerating  to  normal  speed,  and  G 
accelerating  to  maximum  speed.  The  elevator  was  then  slowed 
down  to  normal  speed,  giving  current  peak  H.  Note  that  current 
is  being  returned  to  the  line.  Throwing  the  switch  to  the 
"  off  "  position  gives  the  dynamic  brake  peak  K.  Curve  No.  5 
was  taken  from  the  same  machine  to  show  operation  under 
various  loads.  Curve  A  B  is  hoisting  a  heavy  load,  curve  C  Z>  is 
lowering  a  heavy  load*  The  motor  was  then  "  plugged  ". 
The  retarding  effect  of  the  dash  pot  permits  the  motor  to  come 
nearly  to  rest  before  power  is  applied  in  the  reverse  direction. 
The  electrical  interlock  between  the  starter  and  the  main  switch 
prevents  this  switch  from  closing  until  the  starting  resistance  is 
included  in  the  armature  circuit. 
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There  are  often  cases  where  an  elevator  must  lift  a  very 
heavy  load  once  in  a  while,  but  ordinarily  is  required  to  lift  much 
lighter  loads.  In  some  cases  an  elevator  handles  both  freight 
and  passengers.  It  is  here  desirable  that  the  elevator  operate 
at  a  fairly  high  speed  when  carrying  passengers  or  light  freight. 
The  worm  gear  elevator  with  an  adjustable  speed  motor  having  a 
2  to  1  speed  range,  fits  in  here  very  well.     Such  a  motor  will 


time  1^5^.  seconds 
Curve  No.  4 


develop  its  rated  out-put  at  its  normal  speed  as  well  as  at  its 
maximum  speed,  and  will  lift  double  the  normal  load  at  half 
speed  safely  and  satisfactorily. 

As  noted  before,  however,  the  armature  starting  resistance  is 
proportioned  for  normal  duty  to  the  reduced  horse  power  output 
at  normal  speed.  When  a  heavy  load  is  to  be  lifted  a  switch  on 
the  controller  board  is  closed,  which  connects  a  section  of  re- 
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Curve  No.  6 


sistance  in  parallel  with  each  step  of  the  regular  resistance,  and 
at  the  same  time  opens  the  control  circuit  to  the  field  weaken- 
ing switch.  This  arrangement  gives  the  necessary  current  in- 
rush to  start  the  heavy  load,  and  makes  it  possible  to  lower  this 
heavy  load  safely. 

Such  a  controller  is  shown  in  Pig.  3.     The  double-pole  switch 
is  the  switch  connecting  in  the  extra  starting  resistance.     This 
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IS  a  worm  gear  traction  elevator  running  at  a  maximum  speed  of 
400  ft.  per  min.,  and  driven  by  a  25-h.p.  220- volt  adjustable 
speed  motor  having  a  2  to  1  speed  range.  This  elevator  is  in  an 
18-story  office  building.  It  is  used  for  freight  ordinarily  but 
carries  passengers  at  night  when  the  other  elevators  are  shut 
down.  The  performance  of  this  elevator  is  shown  by  Curve  No.  6. 
Curve  A  B  C  is  going  down  light,  showing  the  load  of  hoisting 
the  counterweight.  Peak  D  occurs  when  slowing  down  to  normal 
speed.  Peak  E  is  the  dynamic  brake  current  when  controller  is 
thrown  off.     Curve  F  G  is  hoisting  a  light  load.     Curve  H  K  L 


Curve  No.  6 


Fig.  3 


Curve  No,  7 


was  taken  when  hoisting  a  safe,  with  the  special  switch  closed. 
H  is  the  starting  current  and  K  the  running  current.  With  such 
a  heavy  load  the  friction  of  rest  is  high,  requiring  a  heavy  start- 
ing current.  Peaks  L  and  M  occurred  as  the  elevator  was 
slowed  down  and  stopped. 

As  shown  in  the  connection  diagrams,  the  shunt  field  of  the 
motor  is  partially  excited  when  the  elevator  is  at  rest.  This  ar- 
rangement gives  a  quicker  start  than  is  the  case  when  the  field 
circuit  is  opened,  and  results  in  a  saving  of  both  time  and  energy. 
A  test  was  made  on  an  elevator  to  show  this.  The  motor  was 
20  h.p.,  220  volts,  having  15  per  cent  compounding  while  ac- 


Digitized  by  VjOOQIC 


1574 


BARNUM:  ELEVATOR  CONTROL 


[June  28 


celerating,  and  2  to  1  speed  range  by  shunt  field  control.  The 
elevator  had  a  maximum  speed  of  350  ft.  per  min.  The  results 
of  this  test  are  shown  in  Curve  No.  7.  The  full  line  shows  the 
armattire  current  and  time  required  to  accelerate  from  rest  with 
the  shunt  field  circuit  broken  in  the  off  position;  while  the  dotted 
line  shows  the  current  and  time  under  the  same  load  conditions 
when  the  field  is  partially  energized  in  the    '*  off  "  position. 

A  careful  measurement  of  the  original  curves  shows  that  when 
accelerating  a  heavy  load,  it  requires  4/5  of  a  second  longer  to 
get  under  way,  with  an  average  load  about  3/5  of  a  second  longer, 
and  with  a  light  load  2/5  of  a  second  longer.  Ctu^re  ABC  was 
taken  hoisting  a  heavy  load,  and  ctu^re  D  E  lowering  a  heavy 
load,  thus  showing  the  two  extremes. 


Fig.  4 

When  partially  energized,  the  field  takes  1.4  amperes  at  220 
volts,  and  consumes  power  at  the  rate  of  308  watts.  This  is 
sometimes  considered  a  waste  of  energy.  Taking  the  average 
extension  of  the  accelerating  period  as  3/5  second,  and  the 
starting  current  under  these  conditions  as  65  amperes,  the  extra 
energy  consumed  diuing  one  start  is  143  watt-minutes.  This  is 
as  much  energy  as  the  shunt  field  consumes  with  the  elevator 
at  rest  for  a  period  of  28  seconds,  or  nearly  half  a  minute.  This 
elevator  was  in  a  10-story  building  and  outside  of  the  busy  period 
would  sometimes  make  as  few  as  two  stops  each  way  during  one 
roimd  trip.  Under  these  conditions  the  trip  requires  one  minute, 
and  the  extra  energy  taken  at  starting  will  make  up  for  an  idle 
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period  of  two  minutes.  In  order  that  there  should  be  any  saving 
of  energy  by  opening  the  field  circuit  the  elevator  would  have  to 
stand  idle  more  than  f  of  the  time.  Of  course,  where  the  elevator 
is  to  stand  idle  for  any  length  of  time,  it  pays  to  open  the  service 
switch,  which  may  be  of  the  remote  controlled  type  where  the 
controller  is  at  the  top  of  the  hatchway. 

The  usual  arrangement  of  the  worm-gear  machine  is  shown  in 
Fig.  4.  The  gears  are  spiral  gears  and  intermesh  so  that  both 
worms  drive  the  one  sheave.  An  idler  sheave  is  mounted  below 
the  driving  sheave,  and  each  hoisting  cable  passes  first  over  the 
driving  sheave,  one  half  turn,  then  under  the  idler,  and  again 
one  half  turn  over  the  driving  sheave  and  down  to  the  counter- 
weight. Each  cable  thus  makes  one  complete  turn  around  the 
driving  sheave,  which  gives  the  necessary  traction. 


Fig.  5 

Fig,  5  shows  a  very  interesting  arrangement  whereby  the  motor 
drives  both  sheaves.  The  gears  do  not  intermesh,  as  the  thrust 
is  taken  up  by  the  system  of  roping.  The  traction  thus  obtained 
is  very  high.  Fig.  6  shows  another  view  of  the  motor  and  disk 
brake  of  this  machine,  and  the  general  arrangement  of  the  con- 
troller boards.  The  motors  have  a  speed  range  by  field  control 
from  300  to  825  rev.  per  min.  There  are  three  of  these  elevators 
serving  an  18-story  building  and  having  a  maximtmi  speed 
400  ft.  per  min.  0\\dng  to  the  wide  speed  range  the  change  of 
speed  from  normal  to  maximum  is  made  in  two  steps.  As  before, 
a  speed  of  25  per  cent  of  the  normal  is  obtained,  thus  giving  the 
operator  a  speed  control  range  of  11  to  1.  These  elevators  are 
very  busy  all  day  and  stop  at  all  floors. 

The  gearless  traction  elevator  is  very  generally  used  for  large 
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office  buildings.  Fig.  7  and  Fig.  8  show  one  of  these  machines 
and  the  corresponding  controller  board.  It  will  be  noted  that 
the  machine  is  very  simple,  although  it  is  mostly  all  motor, 
and  that  the  controller  board  is  more  complicated  than  those  for 
the  geared  machines.  That  this  must  be  so  will  be  seen  from  a 
consideration  of  what  the  controller  must  do. 

This  machine  is  driven  by  a  slow-speed  motor,  35  h.p.  at  230 
volts,  having  a  normal  speed  of  43  rev.  per  min.,  and  a  maximum 
speed  of  55  rev.  per  min.  This  is  a  comparatively  narrow  range. 
The  maximum  speed  of  the  motor  is  limited  by  the  consideration 
that  the  diameter  of  the  hoisting  sheave  should  not  be  less 


Fig.  6 

than  about  38  inches  on  account  of  the  hoisting  cables.  The 
maximum  speed  of  this  elevator  is  550  ft.  per  min.,  and  the 
normal  speed  430  ft.  per  min.  The  controller  must  then  be 
capable  of  reducing  the  elevator  speed  to  about  15  per  cent  of  the 
normal  speed  with  any  load  in  the  car.  This  is  done  by  a  com- 
bination of  resistance  in  series  with  the  armature,  and  resistance 
in  shunt  to  the  armatture. 

Diagram  No.  4  shows  the  main  motor  circuits  of  this  elevator. 
The  general  scheme  is  the  same  as  for  diagram  No.  1,  with  the 
addition  of  several  switches  to  control  the  armature  shimt  re- 
sistance.    Five  speeds  are  provided  for  the  operator  in  the  car, 
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the  maximum  speed,  the  normal  speed,  and  three  slow  speeds 
obtained  by  dynamic  brake  switches  1,  2  and  3.  The  4th 
dynamic  brake  switch  is  used  in  connection  with  the  limit 
switches  for  varying  the  dynamic  brake  effect  with  the  load  in 
the  car.  It  will  be  seen  readily  that  the  electrical  efficiency  of 
this  equipment  is  low  at  the  slow  speeds. 

Dynamic  brake  switches  1  and  2  are  closed  with  power  from 
the  line,  while  switches  3  and  4  are  connected  to  the  armature 
terminals  and  their  closure  depends  upon  the  counter-electro- 
motive force.  Position  No.  5  of  the  car  switch  gives  the  maxi- 
mum speed  with  weakened  shunt  field;  position  No.  4  gives  the 
normal  speed  with  full  field;  position  No.  3  gives  the  third  slow- 
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Diagram  No.  4 

speed  with  all  the  armature  resistance  in  circuit  and  dynamic 
brake  switch  No.  I  closed;  and  position  No.  2  of  the  car  switch 
gives  the  second  slow  speed  by  closing  dynamic  brake  switch  2. 
In  this  second  positipn  the  coil  of  dynamic  brake  switch  4  is  also 
connected  to  the-,  armature  terminals.  If  now  the  speed  of  the 
motor  should  be  high,  as  when  lowering  a  heavy  load,  the  voltage 
at  the  motor  terminals  will  be  sufficient  to  close  D  B  switch  4, 
thus  automatically  reducing  the  shunt  resistance  to  regulate 
this  slow  speed.  Position  No.  1  of  the  car  switch  connects 
D  B  switch  3  to  the  armature  terminals,  and  the  closure  of  this 
switch  also  depends  upon  the  load.  In  hoisting  a  heavy  load 
D  B  switches  3  and  4  will  not  close  as  the  speed  of  the  elevator 
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will  be  suflSciently  slow  without  them.  With  an  average  load 
switch  3  will  close  but  switch  4  will  not;  while  with  a  Ught  or 
negative  load  both  3  and  4  will  close.  This  automatic  adjust- 
ment of  the  armature  shunt  resistance  is  necessary  in  order  that 
the  car  may  be  stopped  positively  and  accurately  at  the  upper 
and  lower  landings  by  the  limit  switches,  regardless  of  the  load 
in  the  car;  and  is  also  of  assistance  to  the  operator  in  making  the 
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Curve  No.  8 

intermediate  landings. accurately.  This  is  of  considerable  im- 
portance since  any  time  wasted  in  bringing  the  car  to  rest  at  a 
floor  means  a  reduction  in  the  capacity  of  the  elevator. 

Curves  No.  8  and  9  will  show  something  of  the  performance  of 
this  elevator  equipment.  In  Curve  8  the  car  switch  was  first 
thrown  to  the  maximum  speed  position  step  by  step,  the  elevator 
going  down  empty.     Peak  A  is  the  starting  current.     The  opera- 
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Curve  No.  9 


tor  apparently  passed  almost  immediately  to  the  second  point, 
and  the  running  current  is  that  taken  in  the  second  slow  speed 
position.  Note  here  that  the  armature  cturent  is  37  amperes, 
while  the  line  cturrent  is  123  amperes.  However,  of  this  latter 
value  the  shunt  field  is  taking  12  amperes,  and  additional  current 
is  taken  by  the  brake  magnet  and  the  solenoid  switches  of  the 
controller.     Current  peak  B  occiu's  when  passing  to  the  third 
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slow  speed,  C  when  passing  to  normal  speed,  and  D  when  passing 
to  the  maximum  speed.  The  elevator  was  then  slowed  down 
gradually.  Current  dip  E  occurs  when  passing  to  normal  speed, 
and  F  and  G  show  2  of  the  slow  speeds. 

The  elevator  was  then  reversed  and  the  car  switch  manipu- 
lated in  the  same  manner.  Peak  H  is  the  starting  current  going 
up  light.  Note  that  on  the  two  slow  speed  points  showing,  the 
armature  is  generating  some  current,  but  that  a  heav}''  current 
is  still  being  taken  from  the  line.  Peak  L  is  accelerating  to 
normal  and  M  to  maximtim  speed.  N  is  slowing  down  to 
normal  speed,  and  0,  P  and  Q  are  the  three  slow  speeds. 

Curve  9  shows  something  of  the  regular  service  conditions. 
Curve  A  B  is  hoisting  a  heavy  load,  C  D  lowering  an  average 
load.  Beginning  at  £,  the  curve  shows  the  start  and  run,  and 
then  the  slowing  down  and  stopping  of  a  very  heavy  load.     Note 


TIME  K5»!  SECONDS 

Curve  No.  10 


that  for  the  part  F  G,  a  heavy  current  is  sent  back  to  the  line. 
L  Af  is  hoisting  the  average  load. 

Curve  No.  10  shows  the  performance  of  gearless  traction  eleva- 
tor controller  having  the  coimter  e.m.f.  system  of  acceleration 
where  the  armattire  resistance  is  cut  out  as  the  counter  e.m.f. 
rises.  As  before,  the  slow  speeds  are  obtained  by  shunting  the 
armature.  A  is  going  down  with  a  load,  and  B  is  the  braking 
current,  C D  is  going  down  light.  E  F  is  hoisting  a  heavy  load, 
and  peaks  G,  H  and  /  show  the  current  when  slowing  down 
gradually.  As  a  basis  of  comparison  the  elevator  of  curves 
8  and  9  has  a  capacity  of  18  passengers  at  550  ft.  per  min.,  while 
the  elevator  of  curve  10  has  a  capacity  of  12  passengers  at  550  ft. 
per  min.  The  motors  have  the  same  rating  and  about  the  same 
maximum  speed,  but  I  do  not  know  the  speed  range  by  field  con- 
trol of  the  motor  of  curve  10. 

Comparing   the   two   systems   of   acceleration,   the   counter 
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e.m.f .  system  is  affected  by  line  voltage  variation  much  more  than 
is  the  series  relay  system.  In  the  series  relay  controller  the  ad- 
justment of  the  relays  is  independent  of  the  line  voltage,  and  as 
the  switches  will  function  at  any  voltage  from  normal  to  20  per 
cent  below  or  to  20  per  cent  above,  the  motor  will  be  accelerated 
at  any  voltage  within  this  range  with  the  same  current  value. 
In  the  cotmter  e.m.f.  system,  the  accelerating  current  will  vary 
greatly  with  the  line  voltage,  reaching  an  objectionably  high 
value  if  the  voltage  is  high;  or  falling  so  low  with  a  low  voltage 
that  the  starting  resistance  may  not  be  cut  out,  or  the  time  for 
acceleration  becomes  objectionably  long.  If  the  line  voltage  is 
constant,  the  two  systems  will  give  the  same  results. 

Dash  pot  control  of  the  acceleration  gives  a  constant  time  for 
the  cutting  out  of  the  armature  resistance,  which  results  in  a 
slower  start  at  light  loads,  and  a  high  starting  current  at  heavy 
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Curve  No.  11 


loads.  With  a  motor  of  proper  size  and  character  the  dash  pot 
system  may  be  made  to  give  results  as  satisfactory  as  with  the 
other  systems.  However,  the  tendency  in  this  systeip  is  to  make 
the  accelerating  period  longer  than  with  the  other  two.  Curve 
No.  11  shows  an  exaggerated  case.  This  is  a  special  elevator 
running  at  675  ft.  per  min.,  and  driven  by  a  30-h.p.  116- volt 
moderate  speed  motor.  There  was  no  speed  control  by  field 
variation,  but  the  acceleration  was  controlled  entirely  by  arma- 
ture resistance.  There  were  no  slow  speeds,  but  a  dynamic  brake 
was  applied  in  the  **  off  ''  position  to  assist  the  mechanical  brake. 
Curve  A  Bis  going  down  light,  showing  the  load  of  hoisting  the 
counterweight.  Current  peak  C  is  the  dynamic  brake.  Curve 
D  £  is  hoisting  an  average  load  and  peak  F  is  the  corresponding 
djmamic  brake  current.  Ctirve  G  H I  is  hoisting  a  heavy  load, 
the  part  G  H  being  the  accelerating  current  with  an  accelerating 
period  of  about  10  seconds.     This  long  time  is  of  course  neces- 
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sary  where  the  starting  current  exceeds  the  running  current  by 
such  a  small  margin. 

The  energy  required  to  run  an  elevator  depends  upon  the  ser- 
vice rendered,  so  that  in  many  ways  the  power  constmiption  basis 
of  comparison  is  unsatisfactory.  The  following  results  of  a 
test  of  a  gearless  traction  elevator  will  show  this.  Running  the 
empty  car,  but  stopping  at  every  floor  both  ways  required  6.4 
kw-hr.  per  car-mile.  Running  the  car  with  maximimi  load  and 
stopping  at  all  floors  required  10.4  kw-hr.  per  car-mile.  Running 
with  i  load,  but  stopping  top  and  bottom  only,  required  but 
2.4  kw-hr.  per  car  mile.  Stopping  at  all  landings  with  I  load 
required  8.8  kw-hr.  per  car-mile. 

In  a  22-story  office  building  equipped  with  gearless  traction 
machines  the  express  elevators  serve  the  10th  floor  and  above, 
and  run  at  600  ft.  per  min.  They  make  about  22  miles  per  day 
with  a  power  consumption  of  3.5  kw-hr.  per  car-mile.  •  In  the 
same  building  the  local  elevators,  serving  the  first  to  tenth  floors, 
run  at  400  ft.  per  min.,  and  make  about  9  miles  per  day  with  a 
power  consumption  of  4  kw-hr.  per  car-mile. 

The  gearless  machines  of  Figs.  7  and  8  serve  an  18-stor\'  offia: 
building,  n-aking  all  floors,  and  require  3.44  kw-hr.  per  car-mile. 
In  the  same  building  the  worm  gear  traction  elevator  whose 
controller  is  shown  in  Fig.  3  and  performance  by  curve  No.  6 
require  3.58  kw-hr.  per  car-mile. 

The  worm  gear  elevators  of  Figs.  5  and  6  serve  an  18-ston' 
office  building  stopping  at  all  floors,  and  make  an  average  of 
21.8  miles  per  day  with  a  power  consumption  of  3.28  kw-hr. 
per  car-mile.  The  elevators  similar  to  that  of  Fig.  4  serve  a 
13-story  building,  running  at  400  ft.  per  min.  They  make  about 
19  miles  per  day  with  a  power  consumption  of  3.88  kw-hr.  per 
car-mile. 

A  worm  geared  drtun  machine  having  a  controller  like  that 
of  Fig.  1,  makes  12.9  miles  per  day,  at  a  maximum  speed  of  240 
ft.  per  min.  The  average  consumption  of  energy  per  car-mile 
is  2.76  kw-hr.  The  average  of  a  number  of  worm-gear  elevators, 
each  having  a  maximum  speed  of  400  ft.  per  min.,  give  a  power 
consumptionof  3.8  kw-hr.  per  car-mile.  An  average  of  the  gear- 
less elevators  running  at  550  ft.  per  min.  gives  3.5  kw-hr.  per  car- 
mile. 

On  the  side  of  mechanical  simplicity  and  efficiency  the  gearless 
machine  has  the  advantage.  The  motor  at  maximum  speed 
and  75  per  cent  load  has  an  efficiency  of  80  per  cent,  and  at  nonnal 
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speed  and  75  per  cent  load  an  efficiency  of  67  per  cent.  At  half 
load,  which  is  nearer  the  average  condition,  the  efficiency  is 
58  per  cent  at  normal  speed  and  76  per  cent  at  maximum  speed. 
Also  as  noted  above  the  electrical  efficiency  is  greatly  reduced 
where  the  elevator  is  operated  at  the  slow  speeds.  The  con- 
troller is  more  complicated  but  not  less  reliable,  and  the  neces- 
sary elements  for  security  are  readily  provided.  The  mechanical 
arrangements  also  facilitate  smoothness  of  operation,  which  is  a 
very   desirable  feature. 

In  the  geared  machine  the  mechanical  efficiency  is  lower,  but 
this  introduces  a  factor  tending  towards  greater  security; 
there  is  a  reduced  tendency  to  run  away.  The  moderate  speed 
motor  of  this  machine  has  an  efficiency  at  half  load  of  90  per 
cent  at  maximum  speed,  and  78  per  cent  at  a  normal  speed  one 
half  the  maximum.  At  75  per  cent  load  the  efficiency  is  91  per 
cent  at  maximum  speed  and  81  per  cent  at  normal  speed.  This 
increased  motor  efficiency  will  nearly  make  up  for  the  reduced 
mechanical  efficiency  at  maximum  speed,  and  at  one  half  speed 
will  more  than  make  up  for  it. 
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Discussion  on  **  Elevator  Control.*'-  Chicago,  June  28, 1911. 

Fred  J.  Newman:  I  want  to  ask  the  author  of  the  paper 
what  is  considered  high  eflSciency  for  worm  gearing,  also  what 
the  characteristics  of  the  efficiency  curve  would  be  in  regard  to 
speed  and  tooth  pressure.  What  would  be  the  increased  effi- 
ciency by  use  of  ball  bearings  for  end  thrust? 

S.  N.  Clarkson:  Most  central  stations  have  a  limited  direct 
current  area,  and  the  tendency  is  for  large  office  buildings  to 
extend  beyond  the  area  of  direct  current  distribution.  It  would 
be  very  interesting  therefore  to  hear  Mr.  Bamum's  experience 
with  alternating  current  elevators,  both  with  the  woimd  rotor 
type  motors  and  the  squirrel  cage  motor  with  starting  torque 
approximately  equal  to  the  pull  out  torque. 

Theodore  Vamey:  I  wish  to  ask  a  few  questions  with  refer- 
ence to  Mr.  Bamum's  paper.  I  think  one  of  the  speakers  made 
an  inquiry  in  regard  to  suitable  controllers  for  alternating  current 
elevator  motors,  I  wish  to  ask  Mr.  Bamum  if  he  has  had  success 
with  such  controllers  for  the  higher  speeds? 

Referring  again  to  Mr.  Bamum's  paper,  I  would  inquire 
whether  the  slow  speed  points,  where  he  uses  a  resistance  in 
series  with  the  armature  and  a  shunt  resistance  around  the 
armature,  are  entirely  hand  controlled,  or  whether  he  uses 
automatic  relays  for  regulating  the  slow  down,  and  if  so,  whether 
these  relays  are  adjusted  to  the  load  on  the  motor  at  the  time? 

T.  E.  Bamum :  I  have  no  figures  on  tooth  presstu-e,  and  very 
little  data  on  the  efficiency  of  worm  gears.  On  one  machine 
where  a  single  worm  and  gear  is  used,  with  a  ball  thrust  bearing, 
the  efficiency  from  the  motor  to  the  load  is  about  75  per  cent. 
With  a  standard  worm  gearing  and  collar  thrust  bearing  on  an 
overhead  traction  machine,  the  efficiency  would  be  about  60 
to  65  per  cent.  There  are,  of  course,  many  factors  of  general 
design  entering  that  would  modify  the  conditions  of  operation 
and  the  efficiency. 

Regarding  the  saving  of  energy,  it  is  desirable  to  open  the 
shtmt  field  circuit  if  the  elevator  is  to  stand  idle  for  any  length 
of  time.  Where  it  is  inconvenient  for  the  operator  to  go  to  the 
service  switch,  it  is  possible  to  arrange  very  simply  for  the 
remote  control  of  the  main  line  switch.  This  arrangement  is 
desirable  in  many  cases  where  the  machine  and  controller  are 
at  the  top  of  the  hatchway,  and  the  operator  leaves  the  car  at 
the  bottom  landing. 

The  paper  gives  some  information  regarding  the  possible 
saving  of  energy  imder  operating  conditions  when  the  shtmt 
field  circuit  is  partially  excited  in  the  "  off  '*  position  of  the 
controller. 

The  subject  of  alternating  current  elevators  is  a  large  one 
and  it  is  difficult  to  answer  briefly.  I  do  not  know  of  any  high 
speed  alternating  ciurent  elevators.  The  principal  difficulty 
in  the  way  of  a  high  speed  alternating  ciurent  elevator  is  that  it 
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is  not  possible  with  the  present  commercial  polyphase  motors 
to  obtain  speed  control  regardless  of  load.  For  this  reason  the 
elevator  must  be  stopped  by  the  mechanical  brake  alone,  and 
this  device  is  very  unsatisfactory  where  the  speed  is  high. 
The  high  speed  alternating  current  elevator  will  not  be  satis- 
factory imtil  we  can  get,  with  the  polyphase  motor,  the  equivalent 
of  the  field  control  and  dynamic  brake  of  the  direct  current 
motor.  As  far  as  acceleration  is  concerned,  the  alternating  cur- 
rent motor  will  give  as  satisfactory  results  as  the  direct  current 
motor,  provided  that  the  alternating  current  motor  rating  is  not 
pushed  up  so  far  that  the  starting  torque  is  dose  to  the  break 
down  torque. 

Answering  the  other  question  about  slow  speed,  the  control 
of  this  speed  is  manual  by  the  operator  from  the  car  switch. 
With  the  worm  gear  machine  there  is  no  automatic  adjustment 
of  the  armature  shunting  resistance,  although  the  closure  of  the 
armature  shimt  circuit  depends  upon  the  counter  electromotive 
force.  With  very  high  speed  gearless  machines,  there  is  an 
arrangement  described  in  the  paper  for  the  adjustment  of  the 
slow  speed  resistance  to  take  account  of  some  variations  of  load 
in  the  car.  This  automatic  adjustment  is  necessary  on  high 
speed  elevators  in  order  to  be  able  to  set  the  limit  switches  so 
as  to  stop  the  car  at  the  end  landing  with  maximum  load,  and 
also  have  a  satisfactory  stop  at  light  loads. 
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ELECTRICALLY  DRIVEN  REVERSING  ROLLING  MILLS 


BY  WILFRED   SYKES 


The  load  conditions  under  which  motors  driving  continuous 
running  rolling  mills  operate  is  generally  understood,  and  the 
advantage  to  be  obtained  by  using  a  suitably  designed  flywheel 
is  well  known.  Owing  to  the  rapidly  fluctuating  load,  some 
system  of  energy  storage  capable  of  performing  a  large  amount 
of  work  for  short  periods  must  obviously  be  of  considerable 
value  not  only  from  the  standpoint  of  motor  operation  but  also 
from  that  of  power  supply.  Several  papers  have  been  read  before 
this  Institute  dealing  with  the  question  of  the  action  of  flywheels 
with  such  loads  and  the  advantage  has  been  clearly  demonstrated. 
The  value  of  flywheels  can  be  best  appreciated  when  used  with 
mills  with  very  high  and  short  peak  loads,  such  as  a  blooming 
mill,  where  loads  up  to  10,000  h.p.  for  one  or  two  seconds  are  not 
infrequent.  The  antithesis  of  this  type  of  mill  is  the  reversing 
mill  where  every  effort  is  made  to  reduce  the  flywheel  effect  to  a 
minimum  so  that  the  accelerating  force  required  may  be  kept 
within  reasonable  limits.  Most  engineers  connected  with  in- 
dustrial work  are  familiar  with  the  development  of  electrically 
driven  continuous  running  mills  but  the  development  of  the 
reversing  mill  is  not  generally  appreciated  except  by  those  more 
or  less  connected  with  their  design  and  operation.  The  object 
of  this  paper  is  to  briefly  review  some  of  the  more  important 
points  in  its  design  and  operation. 

The  application  of  electricity  to  reversing  rolling  mills  is  one 
of  the  most  important  technical  advancements  in  industrial 
engineering  that  has  been  made  during  the  last  ten  years  and  it 
is  of  considerable  commercial  importance  as  the  value  of  the 
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equipments  already  supplied  or  on  order  amounts  to  approxi- 
mately ten  million  dollars. 

Previous  to  1905  the  engineers  of  some  of  the  large  Eiu^opean 
electric  manufacturing  companies  had  given  the  reversing  mill 
considerable  attention.  A  study  of  the  problem  showed  that  in 
order  to  have  a  feasible  arrangement  some  provision  would  have 
to  be  made  to  equalize  the  input  to  the  plant  as  no  generating 
station  of  moderate  size  could  take  care  of  the  rapid  fluctuations 
of  load  which  occur  with  this  class  of  mill.  Furthermore,  the 
question  of  controlling  the  large  motors  necessary  for  this  work 
was  given  a  great  deal  of  consideration  and  the  conclusion  arrived 
at,  that  the  ideal  arrangement  for  such  a  plant  was  the  Ilgner 
system,  such  as  had  been  previously  applied  for  large  hoisting 
equipments.  This  system,  as  is  generally  known,  provides  for 
the  equalization  of  the  load  and  also  for  the  control  of  the  oper- 
ating motor.  The  motor  is  of  the  direct-current  type,  generally 
shunt  type,  supplied  with  power  by  a  special  generator  which  is  in 
turn  driven  by  a  suitable  motor.  The  motor-generator  set  is 
connected  to  the  flywheel  and  means  are  provided  for  automati- 
cally varying  the  speed  of  the  set  depending  upon  the  load.  The 
operating  motor  is  constantly  excited  and  the  speed  is  controlled 
by  varying  the  voltage  supplied  to  the  armature;  the  voltage 
being  varied  by  means  of  a  regulator  in  the  generator  field.  To 
reverse  the  motor  the  generator  field  is  reversed.  This  control 
is  extremely  simple  as  only  the  shunt  current  of  the  generator 
is  handled.  The  automatic  regulator  for  the  motor  generator 
set  is  so  arranged  that  when  the  load  on  the  set  exceeds  the 
average  value  the  speed  of  the  set  is  reduced  and  the  flywheel 
gives  up  part  of  the  energy  stored  in  it,  thereby  assisting  the 
motor  to  drive  the  generator  and  eliminating  the  peak  loads 
on  the  generating  plant.  During  periods  of  light  loads  the  fly- 
wheel is  accelerated  and  by  properly  designing  the  equipment 
the  input  can  be  maintained  fairly  constant. 

In  1903  experiments  were  carried  out  to  determine  the  possi- 
bility of  operating  a  motor  under  such  conditions  as  are  met  with 
in  reversing  rolling  mills.  For  this  purpose  an  electric  hoist 
of  the  Ilgner  type  was  selected,  the  rope  being  removed  from  the 
drum  and  the  motor  and  drum  reversed  as  rapidly  as  possible. 
These  experiments  demonstrated  that  it  was  quite  possible  to 
operate  suitably  designed  machines  under  the  severe  conditions 
to  be  met  with,  but  at  that  time  no  steel  mill  owner  could  be 
found  willing  to  try  the  experiment.     About  the  same  time 
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experiments  were  also  carried  out  on  steam  driven  reversing 
mills  to  determine  the  power  requirements  and  information  was 
obtained  which  enabled  the  electrical  engineers  carrying  out 
this  work  to  determine  more  or  less  exactly  the  power  required 
under  various  conditions.  It  is  interesting  to  note  that  one  of 
the  earliest  reversing  mills  installed  gave  results  corresponding 
very  closely  to  the  figtu-es  worked  out  in  1903. 

It  was  not  until  1905  that  a  mill  owner  could  be  fotmd  willing 
to  install  an  important  drive  of  this  kind,  in  view  of  the  fact  that 
nothing  of  a  similar  natiu-e  could  be  shown.  At  last  the  Oestrei- 
chische  Berg  und  Huttenwerke  Gesellschaft,  Austria  decided  to 
try  the  experiment  when  remodeling  its  works  at  Trzynietz  and 
after  a  considerable  time  had  been  spent  in  investigating  the 
power  requirements  of  its  then  existing  steam  driven  mill  an 
order  was  placed  towards  the  end  of  1905  and  the  plant  started 
in  July  1906.  This  plant  was  rated  to  have  a  maximum  ca- 
pacity of  10,350  h.p.  but  since  it  has  been  in  operation  the  load 
has  often  exceeded  this  value.  The  results  achieved  with  this 
initial  installation  encouraged  other  companies  to  install  this 
type  of  mill  and  the  attached  table  shows  the  mills  that  are  in 
operation  or  ordered  up  to  the  end  of  February  of  this  year.  It 
will  be  seen  that  at  the  present  time  32  mills  of  this  type  have 
been  installed  or  ordered  in  Europe  and  three  in  this  cotmtry. 

This  table  shows  the  great  range  of  materisJ  that  is  handled  by 
this  class  of  mill  and  the  large  capacity  of  some  of  the  plants. 
The  ratings  of  the  roll  motors  are  the  loads  that  are  regularly 
met  with  during  rolling  but  these  values  are  often  exceeded 
especially  when  rolling  comparatively  cool  material.  The 
difference  between  the  size  of  the  generators  and  the  driving 
motors  is  explained  by  the  fact  that  the  former  handle  all  the 
current  peaks,  and  the  heating  being  proportional  to  the  square 
of  the  current,  the  generator  must  be  much  larger  than  the 
motor  which  carries  only  the  average  load. 

Fig.  1  shows  graphically  the  development  of  this  type  of  mill 
and  it  will  be  seen  that  during  the  last  year  the  business  secured 
has  rapidly  increased.  In  view  of  the  technical  difficulties  in 
building  mills  of  this  kind  and  of  the  high  first  cost,  it  may  be 
asked  why  reversing  mills  are  used  at  all,  as  in  a  general  way  it 
may  be  said  that  three-high  continuously  running  mills  can  do 
the  same  work,  the  construction  of  this  kind  of  nwll  representing 
no  particular  difficulties  and  being  comparatively  cheap.  The 
following  are  the  principal  reasons  for  using  reversing  mills. 
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1.  Where  the  mill  has  to  roll  a  large  number  of  different 
sections  and  operates  only  for  a  short  time  on  one  particular 
class  of  work.  This  means  frequent  changing  of  rolls  and  the 
two-high  mill  is  very  much  more  convenient  in  this  respect 
than  a  three-high  mill,  the  cost  of  rolls  being  considerably  re- 
duced and  also  the  time  required  for  making  the  change. 

2.  The  economy  of  the  reversing  mill  with  intermittent  work 
is  higher  than  that  of  the  continuous  running  mills,  principally 
on  account  of  the  elimination  of  friction  load  when  the  mill  is 
not  in  operation.  The  friction  load  is  often  a  very  appreciable 
fraction  of  the  total  work  and  is,  of  course,  particularly  noticeable 
where  the  mill  is  working  at  a  small  percentage  of  its  normal 
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Fig.  1. — Curve  showing  the  capacity  of  reversing  rolling  mills,  installed 
or  under  construction 

capacity.  With  a  three-high  mill  this  loss  is  going  on  con- 
tinuously, whereas  the  reversing  mill  is  at  rest  and  the  only 
losses  are  those  in  the  motor  generator  set  which  are  generally 
less  than  those  due  to  the  mill  friction.  The  auxiliary  equip- 
ment of  the  reversing  mill  is  somewhat  simpler  than  that  of  the 
three-high  mill,  the  lifting  or  tilting  table  being  eliminated. 
The  balancing  arrangement  of  the  rolls  is  also  simpler  as  only 
one  roll  is  moved. 

Fig.  2  shows  graphically  some  results  based  upon  tests  carried 
out  in  Europe,  which  show  the  superiority  of  the  reversing  mill 
when  on  light  loads.  These  curves  are  based  on  rolling  three- 
ton  ingots  to  various  sections,  the  elongation  varying  from  5  to 
10;  and  it  will  be  seen  that  on  light  loads  the  efficiency  of  the 
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three-high  mill,  on  account  of  the  friction  losses,  is  considerably 
less  than  that  of  the  reversing  mill,  while  at  full  load  both  types 
show  about  the  same  results.  In  works  where  the  rolling  is 
irregular,  the  reversing  mill  can  show  an  appreciable  saving  be- 
sides the  other  advantages  incidental  to  this  type.  The  curves 
have  been  made  up  from  actual  test  results  and  if  anything, 


Fig.  2. — Curve  showing  the  relation  between  the  power  required  for 
reversing  and  three-high  mills  for  various  outputs 

they  favor  the  three-high  mill,  as  the  friction  taken  is  not  the 
highest  obtained.  The  efficiency  of  the  motor  has  been  taken 
high  and  generally  under  working  conditions  it  would  be  about 
6  per  cent  less  at  full  load  on  account  of  the  slip  resistance  in 
the  rotor.  At  light  load  the  efficiency  would  not  be  appreciably 
affected  by  this  extra  resistance.  In  smaller  works  there  is 
likely  to  be  a  greater  variation  in  the  production  than  with  larger 
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concerns  and  this  is  to  a  certain  extent  the  reason  why  the  re- 
versing mill  has  made  greater  progress  in  Europe  than  in  this 
country  as  the  competition  for  orders  is  greater  and  a  greater 
variety  of  work  is  being  handled.  The  production  of  the  three- 
high  mill  is  somewhat  greater  than  the  reversing  mill  but  it  is 
gained  by  a  greater  complication  of  the  mill  itself  although  the 
driving  equipment  is  much  simpler.  It  must  be  bom  in  mind, 
however,  that  the  upkeep  of  the  mill  is  very  much  greater  than 
that  of  the  electrical  equipment  so  that  the  extra  complication 
of  the  reversing  mill  drive  does  not  offset  that  of  the  three-high 
mill  over  the  two-high.  As  an  indication  of  the  capacity  of 
electrically  driven  mills,  the  following  figures  obtained  in  opera- 
tion from  the  plant  at  Rombachhutte  may  be  of  interest: 

67  tons,  2     in.  sq.  billets  per  hour,  elongation 11.5 

83       "     2|       «  **  «  "        9.86 

105       «     3i       «  «  «  "        5.3 

Control  of  Roll  Motors 
Reference  has  been  made  to  the  method  originally  adopted 
of  controlling  the  reversing  motors  by  regulating  the  generator 
field  and  this  system  has  been  imiversally  used  for  all  installa- 
tions at  the  present  time  with  one  exception.  For  large  motors 
of  eight  or  ten  thousand  horse  power  it  is  obvious  that  any  system 
of  rheostatic  control  wotdd  not  be  feasible  and  a  voltage  control 
system  is  the  only  one  that  can  be  considered.  In  the  case  of 
smaller  plants  of  one  or  two  thousand  horse  power  there  has  been 
some  discussion  as  to  whether  the  rheostatic  system  of  control 
is  possible  or  not.  Leaving  aside  the  question  as  to  the  possi- 
bility of  designing  a  reliable  rheostatic  control  for  such  work, 
it  might  be  well  to  consider  the  operation  of  such  an  equipment. 
One  of  the  outstanding  featiu^es  is  the  maneuvering  capacity  of 
plants  with  the  voltage  control  system  as  the  speed  of  the  motor 
corresponds  to  the  position  of  the  controller  handle  and  any 
amount  of  braking  that  is  necessary  can  be  obtained  without 
any  difficulty.  A  very  important  feature,  however,  is  the  power 
required  for  accelerating  the  motors.  With  the  voltage  control 
system  approximately  40  per  cent  to  50  per  cent  of  the  ac- 
celerating power  is  lost  in  various  transformations  that  take 
place,  that  is  to  say,  50  per  cent  to  60  per  cent  of  the  input  of 
one  acceleration  is  available  for  accelerating  the  motor  the 
second  time  after  allowing  for  all  losses.  The  voltage  control 
system,  of  course,  has  no  rheostatic  losses,  consequently  the 


Digitized  by  VjOOQIC 


19111  SYKES:  REVERSING  ROLLING  MILLS  1593 

total  input  is  the  same  as  the  energy  stored  in  the  moving  masses. 
With  the  rheostatic  system  of  control  only  one-half  of  the  energy 
taken  from  the  line  is  available  for  accelerating  the  motor  and 
none  is  recovered.  To  illustrate  this  point  the  following  example 
can  be  taken.  In  rolling  2  in.  square  (25.8-sq.  cm.)  billets  from 
15  by  16  by  45-in.  (38  by  38  by  114  cm.)  ingots  in  19  passes  the 
actual  work  put  into  the  rolls  was  141,740  h.p.-seconds,  the  total 
energy  reqtiired  for  accelerating  the  motor  was  30,543  h.p- 
seconds  but  as  a  portion  of  this  was  recovered,  the  actual  horse 
power  required  for  accelerating  was  approximately  18,000  h.p- 
seconds.  With  rheostatic  control  the  input  to  the  line  would 
hiave  been  twice  as  much  as  with  the  voltage  control  of  61,086 
h.p-seconds,  which  is  approximately  43  per  cent  of  the  useful 
work,  whereas  with  the  voltage  control  the  loss  corresponds  to 
about  12.7  per  cent  of  the  useful  work.  This  difference  in  power 
consumption  is  of  considerable  importance  and  will  at  the  end 
of  the  year  represent  an  appreciable  increase  in  the  total  input. 

Another  feature  which  has  been  raised  is  the  quickness  of 
operation,  it  being  claimed  that  the  rheostatic  control  enables 
the  motor  to  be  reversed  more  quickly  than  is  possible  with 
voltage  control  on  accotmt  of  the  magnetic  lag  of  the  generator 
field  with  the  latter  system.  This  feature  is,  from  an  operating 
standpoint,  of  no  particular  value,  as  experience  has  demon- 
strated that  the  mill  can  be  reversed  as  quickly  as  the  material 
can  be  handled,  and  quickness  of  operation  is  not  the  limiting 
feature  in  the  output  of  the  mill.  It  might  be  mentioned  that 
a  test  of  two  motors  having  a  maximum  total  rating  of  7,000  h.p. 
showed  that  they  could  be  brought  to  a  speed  of  60  rev.  per  min. 
28  times  per  minute,  and  another  mill  with  motors  having  a 
rating  of  10,000  h.p.,  a  speed  of  100  rev.  per  min.,  was  reached 
14  times  per  minute.  In  the  latter  case  the  energy  stored  in  the 
moving  masses  was  approximately  four  times  as  great  as  in  the 
former  case.  The  universal  experience  has  been  that  motors 
with  voltage  control  can  be  operated  as  quickly  as  the  material 
can  be  handled,  and  considerably  quicker  than  a  steam-driven 
reversing  mill. 

Several  methods  are  used  in  practice  to  obtain  quick  operation 
with  the  voltage  control  system.  One  method  is  to  indirectly 
compound  the  roll  motor,  this  being  done  by  means  of  a  series 
generator  the  field  of  which  is  excited  by  the  armature  current 
of  the  motor.  The  current  in  the  winding  excited  by  this 
generator  is  comparatively  small  and  is  easily  reversed  by  the 
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controller,  whereas  any  system  of  direct  compounding  would 
necessitate  operating  a  switching  device  capable  of  handling 
several  thousand  amperes,  which  would  be  hardly  practical. 
With  this  arrangement  the  time  required  to  accelerate  the  roll 
motor  is  shortened  as  the  torque  available  for  a  certain  armatiire 
current  is  greater  on  account  of  the  stronger  field,  the  difference 
depending  however  on  the  saturation  of  the  field.  This  ar- 
rangement has  the  advantage  that  the  speed  of  the  motor  will 
vary  somewhat  with  the  load  and  consequently  in  case  of  a  very 
heavy  overload  part  of  the  energy  stored  in  the  moving  parts  is 
available  to  assist  the  motor  whereas  with  a  shunt  machine  the 
speed  variation  is  so  small  that  all  loads  must  be  taken  by  the 
motor  and  generator. 

Another  method  of  increasing  the  rate  of  operation  is  to  wind 
the  generator  fields  for  a  comparatively  low  voltage  and  con- 
nect a  large  non-inductive  resistance  in  series  with  them.  This 
has  been  used  to  a  considerable  extent  as  it  is  simpler  than 
the  arrangement  just  described  and  it  is  possible  to  obtain  just 
as  high  a  rate  of  operation  as  is  necessary  in  practice. 

Various  methods  have  been  proposed,  such  as  connecting  a 
booster  in  series  with  the  generator  field,  this  booster  being  ar- 
ranged so  as  to  allow  full  exciter  voltage  on  the  field  at  starting 
but  reducing  it  to  that  for  which  the  field  is  wound  as  soon  as 
the  motor  is  running  at  ftdl  speed.  Such  schemes  are,  however, 
unnecessary  for  ordinary  purposes. 

One  rather  important  point  to  be  provided  for  in  connection 
with  the  control  of  plants  working  on  voltage  control  is  the  effect 
of  the  residual  magnetism  on  the  generator  field  When  a  roll 
motor  is  at  rest,  the  generator  armature  has  only  the  resistance 
of  the  motor  armature  in  series  with  it.  With  a  very  small 
residual  field  it  is  possible  to  obtain  quite  an  appreciable  cur- 
rent. The  principal  danger  is  that  the  rolls  may  start  to  slowly 
revolve  should  the  current  flowing  be  sufficient  to  overcome  the 
frictional  movement  and  in  this  way  a  serious  accident  may  occur. 
A  very  simple  way  to  avoid  this  danger  is  to  short  circuit  the 
generator  when  the  controller  is  in  the  off-position.  Another 
method  which  is  perhaps  preferable  is  to  arrange  the  controller 
so  that  when  it  is  in  the  off-position  the  generator  field  is  so 
connected  across  its  armature  that  any  voltage  generated  due  to 
residual  field  will  cause  a  current  to  flow  in  the  shunt  winding 
tending  to  kill  the  residual  field  and  in  this  way  it  is  possible  to 
eliminate  the  current  due  to  residual  field  altogether. 
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Slip  Regulation.  In  connection  with  the  motor-generator  set 
the  operation  of  the  regulator  for  automatically  vaxying  the 
speed  is  of  considerable  importance.  Various  arrangements 
have  been  worked  out  for  this  purpose  for  use  with  three-phase 
motors,  one  of  which  has  been  used  in  this  country,  involving 
the  use  of  magnetically  operated  switches  which  are  cut  in  and 
out  by  means  of  current  relays,  thereby  introducing  more  or  less 
resistance  into  the  rotor  circuit  of  the  driving  motor.  The 
relays  for  controlling  these  switches  are  arranged  with  two 
settings,  one  relay  causing  the  switches  to  open  and  the  other 
causing  them  to  close. 


Fig.  3. — Automatic  liquid  slip 
regulator  for  controlling  the  speed 
of  flywheel  motor  generators 


Fig.  4. — Diagrammatic  sketch 
showing  the  construction  of  the 
automatic  slip  regulator  illustrated 
in  Fig.  3 


Regulators  of  this  type  have  been  used  for  a  number  of  years 
with  satisfactory  results  but  they  have  a  number  of  disad- 
vantages due  to  their  complication  which  make  it  desirable  to 
adopt  some  simpler  device,  such  as  a  liquid  regulator  of  the  type 
described  below. 

Another  arrangement  that  has  been  used  for  automatically 
varying  the  slip  is  the  face  plate  rheostat  operated  by  a  small 
motor,  this  motor  running  continuously  and  clutches  being 
provided  for  operating  the  contact  arms  in  either  one  direction 
or  the  other,  these  clutches  being  controlled  by  suitable  relays. 

Diuing  the  last  few  years  the  liquid  slip  regulator  has  come  into 
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use  for  this  class  of  work  and  has  given  very  satisfactory  results. 
Fig.  3  illustrates  a  regulator  of  this  type  for  controlling  a  three- 
phase  motor  driven  set  and  Fig.  4  shows  diagrammatically  the 
arrangement  of  the  same. 

The  moving  electrodes  of  this  regulator  are  operated  by  a  small 
induction  motor  which  is  supplied  with  current  through  a  series 
transformer  in  the  primary  circuit  of  the  main  motor.  The 
torque  of  this  motor  tends  to  separate  the  plates  and  at  normal 
load  the  motor  torque  plus  that  of  the  counterweight  just  balances 
the  weight  of  the  moving  electrodes.     If  the  ctirrent  should  tend 
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Fig.  5. — Typical  curves  showing  the  power  input  to  a  reversing  mill 
and  illustrating  the  operation  of  the  slip  regulator 

to  increase  above  the  normal,  the  increased  torque  of  the  motor 
causes  the  electrodes  to  separate,  thereby  reducing  the  speed  of 
the  set  and  enabling  the  flywheel  to  give  up  a  portion  of  the 
energy  stored  in  it.  Should  the  current  fall  below  the  normal 
value  the  torque  of  the  motor  decreases  and  the  electrodes 
come  closer  together,  thereby  decreasing  the  resistance  in  the 
rotor  circuit  and  causing  the  speed  of  the  set  to  increase.  This 
type  of  regulator  has  been  used  very  successfully  for  reversing 
rolling  mills  and  hoisting  plants.  As  it  will  be  seen,  it  is  very 
simple  and  is  also  very  sensitive. 

Another  type  of  liquid  regulator  used  involves  the  same  prin- 
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ciple  as  the  face  plate  regtdator  mentioned  above,  the  electrodes 
being  operated  by  means  of  a  small  motor  which  drives  the 
moving  parts  through  clutches,  the  clutches  being  operated  by 
relays. 

Liquid  regulators  have  a  number  of  advantages  over  any 
type  of  regulator  using  switches  for  var3dng  the  resistance  in 
steps.  They  are  simpler  and  less  expensive  and  in  operation, 
the  type  using  a  torque  motor  is  much  more  sensitive  than  any 
arrangement  with  relays  because  the  best  that  the  latter  type 
can  accomplish  is  to  regulate  within  certain  limits.  The  liquid 
regulator  has  only  been  generally  adopted  recently  as  there  are 
a  number  of  diflSculties  in  manufacturing  this  type  for  large 
capacities.  Fig.  5  shows  a  typical  test  of  a  reversing  mill  from 
which  the  operation  of  the  equalizing  equipment  can  be  seen. 
In  spite  of  peak  load  of  3000  kw.  the  load  on  the  line  does  not 
at  any  time  exceed  550  kw. 

Machines,  It  is  obvious  that  to  withstand  the  operating 
conditions,  ordinary  direct  current  generators  and  motors  woiild 
not  be  stiitable.  The  generator  must  be  capable  of  commutating 
its  maximum  current  at  a  small  percentage  of  its  normal  field 
and  its  armature  reaction  must  therefore  be  completely  com- 
pensated. In  the  earlier  machines,  the  Deri  type  of  generator 
was  used,  but  experience  has  shown  that  it  is  not  necessary  to  go 
to  such  an  expensive  construction  and  machines  are  now  built 
with  interpoles  with  the  compensating  winding  in  the  face  of  the 
main  poles.  In  order  that  the  machines  can  rapidly  change 
their  field  strength,  the  generator  fields  are  always  laminated. 
The  motors  must,  of  course,  be  able  to  handle  the  same  currents 
as  the  generator,  but  the  condition  is  somewhat  different,  as  the 
motor  always  has  full  field  at  starting  and  the  operating  speeds 
are  much  lower.  As  far  as  the  motor  is  concerned,  the  principal 
point  to  be  observed  is  to  reduce  the  inertia  of  the  rotating  parts 
to  a  minimum.  This  is  generally  done  by  using  as  light  a  con- 
struction as  is  consistent  with  necessary  mechanical  strength, 
and  in  the  case  of  large  units  using  two  or  more  machines. 
However,  the  progress  that  has  been  made  in  the  design  of  re- 
versing mill  equipments  is  shown  to  some  extent  in  the  construc- 
tion of  the  driving  motors.  The  first  plant  at  Hildegradhutte 
had  three  motors  on  the  same  shaft,  with  a  total  maximum  rating 
of  10,350  h.p.  The  largest  plant  that  has  been  installed  is  that 
at  Rombachhuttee,  the  motors  having  a  maximum  rating  of 
15,000  h.p.,  only  two  machines  being  used.     The  plant  which  is 
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now  being  built  for  the  Acieres  de  Longwy  k  Mont  St.  Martin 
has  one  motor  with  a  maximum  rating  of  12,800  h.p. 

The  motors  are  invariably  of  the  interpole  type,  generally  with 
compensating  windings  in  the  main  pole  faces,  the  field  being 
usually  solid  with  laminated  poles.  In  a  few  cases,  however, 
laminated  fields  have  been  used. 

Flywheels.  In  Europe  cast  steel  wheels  have  been  used  exclu- 
sively, several  manufacturers  having  made  a  specialty  of  the 
construction  of  such  wheels  for  high  peripheral  velocities.  It 
has  been  possible  for  the  steel  manufacturers  to  do  this  on 
account  of  the  large  demands  for  such  wheels  for  the  Ilgner 
hoisting  plants.  In  this  country  the  demand  for  such  wheels  has 
not  been  such  as  to  justify  manufacturers  specializing  along 
these  lines  and  consequently  it  is  not  possible  to  obtain  large 
wheels  for  high  velocities  with  suitable  guarantees  as  to  me- 
chanical properties.  Most  of  the  plants  using  flywheels  that 
have  been  built  in  this  country,  have  wheels  btiilt  up  of  steel 
plates.  These  wheels  are  capable  of  running  at  very  high  speeds 
without  excessive  stresses  and  they  can  be  manufactured  at 
approximately  the  same  cost  as  cast  steel  wheels.  The  maximum 
size  of  plate  that  it  is  possible  to  obtain  is  about  11  ft.  (3.35  m.) 
wide  so  that  the  greatest  diameter  of  wheel  that  can  be  built  up 
of  solid  plates  is  about  10  ft.  6  in.  (3.2  m.).  For  slow-speed 
sets  this  does  not  give  a  peripheral  velocity  high  enough  to  keep 
the  size  of  the  wheel  within  reasonable  limits  and  it  is  necessary 
to  adopt  some  form  of  wheel  built  up  in  segments.  Two  wheels 
of  this  type  have  been  in  use  for  some  years  at  the  plant  of  the 
Illinois  Steel  Co.,  these  wheels  consisting  of  a  cast  steel  hub 
with  a  laminated  rim.  These  wheels  weigh  100,000  lb.  (45,359 
kg.)  each  and  run  at  a  peripheral  velocity  of  15,500  ft.  (4,  724  m.) 
per  minute.  In  Europe  cast  steel  wheels  are  in  use  running  at 
velocities  up  to  about  22,000  ft.  (7,010  m.)  per  minute  and  solid 
plate  wheels  have  been  supplied  for  a  speed  of  24,000  ft.  (7,315  m.) 
per  minute,  some  wheels  having  been  tested  by  the  writer  up  to 
30,000  ft.  (9,144  m.)  per  minute.  The  weight  of  a  single  wheel 
seldom  exceeds  about  50  tons  on  account  of  transportation  diflS- 
culties. 

Efficiency  of  Reversing  Mill,  The  question  as  to  the  efficiency 
of  reversing  rolling  mills  has  often  been  raised  and  comparisons 
made  with  steam  driven  units.  The  advantage  of  the  re- 
versing roll  for  irregular  work  has  been  shown  in  Fig.  2.  Fig.  6 
§hows  the  efficiency  of  one  of  the  latest  reversing  mills  installed, 
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this  eflficiency  being  the  relation  between  the  work  given  out  by 
the  mill  motor  and  the  input  to  the  motor  generator  set.  It  will 
be  noted  that  the  efficiency  when  rolling  hard  material  is  a  little 
less  than  when  rolling  soft  material,  this  being  due  to  the  fact 
that  the  hard  material  requires  a  greater  number  of  passes  for 
the  same  reduction  of  area.  It  will  be  seen  that  at  full  load  the 
efficiency  of  the  equipment  is  about  65  to  70  per  cent. 

With  a  modem  steam-driven  plant  it  will  be  possible  to 
generate  one  h.p-hour  for  approximately  12  lb.  (5.4  kg.)  of 
steam  and  allowing  5  per  cent  for  transmission  losses  and  65 
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Fig.  6. — Curves  showing  the  efficiency  of  a  reversing  rolling  mill  when 
working  at  various  capacities 


per  cent  for  the  efficiency  of  the  rolling  mill  plant,  it  will  be  seen 
that  the  steam  consumption  i>er  h.p-hour  at  the  rolls  is  about 
19.5  lb.  (8.84  kg.). 

Taking  the  latest  type  of  reversing  mill  engine  with  a  valve 
between  the  receiver  and  the  low  presssure  cylinder  so  as  to  save 
the  steam  from  the  high  pressure  cylinder  when  reversing,  which 
would  otherwise  be  exhausted  to  the  condenser,  the  best  figures 
that  have  been  obtained  are  27J  lb.  (12.5  kg.)  of  steam  per 
3  h.p-hour.  This  is  when  working  with  26  in.  (63.4  cm.)  vacuum 
and  90  deg.  fahr.  superheat. 
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Considering  the  loss  due  to  condensation  and  leakage  in  the 
pipes,  this  figure  would  have  to  be  increased  to  at  least  30  lb. 
(13.6  kg.)  of  steam  per  b.h.p-hour,  consequently  under  the 
most  favorable  conditions  the  steam  driven  reversing  mill  will 
take  at  least  50  per  cent  more  steam  than  an  electrically  driven 
mill.  The  figure  given  for  the  steam  consumption  of  a  steam 
mill  is  for  a  modern  plant  of  the  best  construction.  With  an 
ordinary  plant  working  condensing  but  without  superheat  and 
with  simple  single  valve  control  a  recent  test  gave  53  lb.  (24  kg.) 
of  steam  per  brake  horse  power. 

Power  Requirements.     The  power  required  to  drive  rolling 
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mills  depends  on  a  great  many  factors,  among  which  may  be 
mentioned  the  temperature  of  the  material  rolled,  the  profile 
of  the  finished  material,  the  number  of  passes  and  the  type  of 
mill.  In  Fig.  7  some  curves  are  shown  which  are  the  results  of 
tests  made  in  Europe  to  determine  the  power  reqtiirements  of 
rolling  mills.  These  curves  show  average  results  and  are  useful 
when  used  in  conjunction  with  the  efficiencies  shown  in  Fig.  2 
to  determine  the  power  input  for  a  given  output  of  finished  ma- 
terial. From  these  curves  it  is  possible  to  determine,  with  rea- 
sonable accuracy,  the  power  requirements  of  the  mill  providing 
there  are  no  abnormal  conditions,  but  the  figures  given  are  only 
good  for  mills  rolling  blooms,  billets,  heavy  girders  and  rails 
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where  the  temperature  does  not  drop  below  about  1700  deg.  fahr. 
and  the  form  of  the  finished  product  is  simple.  For  angles, 
tees,  light  rails,  bar  iron,  thin  plates  and  sheets  the  power  re- 
quired is  much  greater  and  cannot  be  so  simply  expressed.  Prom 
the  curves  given  it  is  possible  to  determine  the  power  required 
for  the  individual  passes  but  in  estimating  the  size  of  motor 
necessary  many  other  factors  must  be  considered.  The  ac- 
celeration of  the  moving  parts  and  also  the  friction  of  the  mill 
must  be  allowed  for,  and  tests  show  that  the  initial  peak  may  be 
considerably  higher  than  the  average  during  rolling,  probably 
on  account  of  the  temperature  of  the  end  of  the  ingot,  bloom  or 
billet,  as  the  case  may  be,  being  lower  than  the  average.  The 
etudes  given  in  Fig.  7  show  the  net  rolling  work  and  do  not 
include  the  losses  in  the  motor  gearing,  nor  the  friction  except 
that  caused  by  rolling  which,  however,  cannot  be  separated  from 
the  power  acttially  required  to  displace  the  metal.  In  general, 
it  may  be  stated  that  if  the  machines  are  designed  to  withstand 
a  current  of  about  2^  times  the  normal  that  could  be  carried  con- 
tinuously, the  maximtun  capacity  and  the  heating  will  be  in 
about  the  right  relation  although  this  may  vary  according  to  local 
conditions.  There  is,  however,  a  considerable  variation  in  the 
power  requirements  for  different  ingots  and  the  average  figures 
may  easily  be  exceeded  by  30  per  cent  to  40  per  cent,  and  con- 
sidering the  irregular  rate  of  acceleration  which-  may  take  place, 
a  margin  of  at  least  50  per  cent  should  be  allowed  in  the  maximum 
capacity  over  the  estimated  average. 

Reversing  Mill  of  Illinois  Steel  Co. 

As  the  only  example  of  the  reversing  mill  operating  in  this 
country  a  short  description  of  the  plant  of  the  Illinois  Steel  Com- 
pany may  be  of  interest.  It  is  of  interest  to  note  that  this  plant 
was  designed  in  the  middle  of  1906  and  put  in  operation  in  May, 
1907,  it  being  the  third  reversing  mill  in  the  world  to  be  elec- 
trically driven. 

The  plant  consists  of  a  two-high  universal  plate  mill,  the  general 
layout  of  which  can  be  seen  from  Fig.  8  and  a  view  of  the  com- 
pleted mill  is  given  in  Fig.  9.  This  illustration,  however,  does 
not  show  the  house^around  the  motors.  This  mill  is  arranged 
to  roll  slabs  30  by  7  in.  (76.2  by  17.7  cm.)  down  to  plates  J  in. 
(6.35  mm.)  thick  and  is  driven  by  two  direct-current  shunt  type 
motors  having  a  total  rating  of  8,000  h.p.  maximum  at  100  rev. 
per  min.,  these  machines  being  of  the  interpole  compensated 
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type  with  a  laminated  field.  The  speed  of  the  motors  can  be 
increased  to  150  rev.  per  min.  by  weakening  the  field,  but  the 
controller  is  so  arranged  that  they  always  start  on  full  field. 
The  motor  was  divided  into  two  units  in  order  to  reduce  the 
inertia  to  a  minimum.  In  Fig.  10  the  general  arrangement  of  the 
motors  is  shown,  the  principal  overall  dimensions  being  also 


^i^sS^pJIiy^^ 


Fig.  9. — Universal   plate  mill   at  the  Illinois  Steel   Company's   plant, 
showing  the  motor  drive 

given.  The  weight  of  the  stationary  parts  of  the  motors  is 
approximately  233,000  lb.  (105,687  kg.)  and  that  of  the  rotating 
parts  of  the  two  motors  123,000  lb.  (55,791  kg.)  making  the 
total  weight  of  the  machines  about  356,000  lb.  (161,478  kg.). 
The  bearings  of  the  motor  are  lubricated  from  a  central  oil  tank 
and  the  overflow  is  filtered  and  returned  to  it  to  be  used  again. 


Fig.   10. — General  layout  of  roll  motors  for  driving  universal  plate  mills 

Water  cooling  is  also  provided.  The  outer  face  of  the  bearing 
next  to  the  mill  is  babbitted,  the  coupling  hub  forming  a  thrust 
collar  which  bears  against  this  surface  of  the  motor  and  receives 
an  end  thrust  from  the  mill. 

The  roll  motors  are  operated  from  a  motor-generator  set  con- 
sisting of  1,300-h.p    induction  motor,  6,600  volts,  25  cycles, 
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coupled  to  a  double-commutator  shunt  type,  generator  and 
two  flywheels  each  weighing  100,000  lb.  (45,359  kg.).  The  syn- 
chronous speed  of  the  set  is  375  rev.  per  min.,  the  peripheral 
speed  of  the  flywheels  being  15,500  ft.  (4,724  m.)  per  minute. 


Fig.  11. — General  layout  of  flywheel  motor-generator  set  supplying  power 

to  roll  motors 

The  generator  armature  has  an  inter-connected  winding  and 
each  commutator  supplies  one  of  the  roU  motors.  The  maximiun 
capacity  of  the  machine  is  approximately  6,500  kw.  corresponding 
to  8,000  h.p.  at  the  motor.     The  generator  has  a  completely 
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Pig.  12. — Motor  generator  set  installed  in  the  plant  of  the  Illinois  Steel 

Company 

laminated  field  and  is  of  the  interpole  compensated  type.  The 
set  has  four  bearings  which  are  lubricated  from  a  central  oil 
tank,  water  cooling  being  arranged  for  the  bearings  supporting 
the  flywheels.  A  general  arrangement  of  the  equipment  is  shown 
in  Fig.  11  and  a  view  of  the  completed  machine  is  given  in  Fig.  12. 
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In  order  to  start  the  set,  a  pneumatic  barring  gear  is  provided 
which  assists  the  motor  to  overcome  the  initial  friction.  The 
total  weight  of  the  rotating  parts  is  approximately  300,000  lb. 
(136,077  kg.)  and  that  of  the  stationary  parts  235,000  lb. 
(106,594  kg.)  making  a  total  of  535,000  lb.  (242,671  kg.). 

The  speed  of  the  set  is  regulated  by  an  automatic  slip  regulator 
which  consists  of  unit  switches  operated  by  two  relays,  one  for 
dropping  out  the  switches  and  the  other  for  causing  them  to 
close,  the  difference  between  the  settings  being  the  limit  within 
which  the  regulator  operates. 

The  plant  has  been  in  continuous  service  for  a  number  of  years 
and  the  successful  operation  has  completely  borne  out  the  ex- 
perience gained  in  Europe  with  this  class  of  equipment. 

It  was  anticipated  that  when  this  paper  was  prepared  it  would 
be  possible  to  give  some  characteristic  curves  from  this  mill 
but  the  tests  have  not  been  completed  in  time  for  publication. 

In  conclusion,  the  results  that  have  been  obtained  with  the 
reversing  mills  in  operation  have  shown  that  the  operation  is 
equal  to  the  best  that  is  possible  with  steam-driven  plants  and  in 
many  cases  very  much  better  results  have  been  obtained  than 
with  the  steam  plants  that  were  displaced.  The  economy  of 
this  type  of  mill  has  been  conclusively  demonstrated  and  the 
only  objection  that  has  been  raised  is  the  high  first  cost.  A  little 
investigation,  however,  of  the  economy  of  the  mill  shows  that  the 
additional  initial  expenditure  is  Very  quickly  saved  by  the 
lower  power  constunption.  The  rapid  extension  of  this  type 
of  mill  is  sufficieint  demonstration  of  the  fact  that  in  new  plants, 
where  economy  in  operation  is  the  controlling  feature,  the  elec- 
trically driven  reversing  mill  will  eventually  displace  the  steam- 
driven  plants. 


Digitized  by  VjOOQIC 


1606  REVERSING  ROLLING  MILLS  [June  28 


Discussion  on  "  Electrically  Driven  Reversing  Rolling 
Mills."    Chicago,  June  28,  1911. 

Karl  A.  Pauly:  I  wish  to  call  attention  to  Fig.  2,  which 
shows  the  relative  economy  of  the  two  types  of  mill.  On 
examination  of  these  curves  it  will  be  seen  that  the  power  con- 
sumed by  reversing  and  non-reversing  mills  is  practically  the 
same  from  one-half  load  to  50  per  cent  overload,  the  difference 
being  only  five  per  cent  and  in  favor  of  the  reversing  mill  at 
loads  of  90  per  cent  of  full  load  and  below,  and  in  favor  of  the 
non-reversing  mill  at  loads  above  90  per  cent  of  full  load. 

While  the  percentage  difference  in  power  consumed  by  the  two 
types  of  mill  is  considerable  at  light  loads,  the  actual  difference 
in  power  consumed  is  comparatively  small  and  should  have  little 
effect  on  the  total  power  consumed  by  a  well  designed  mill. 

Further,  the  real  measure  of  the  efficiency  of  a  mUl  is  the  cost 
pertonto  roU  the  steel,  including  in  this  cost  the  fixed  charges 
on  the  total  investment  properly  chargeable  against  the  mill  and 
the  total  operating  costs,  including  the  costs  of  labor,  mainte- 
nance, repairs,  supplies  and  power. 

A  reduction  in  the  power  consumed  affects  one  item  only  of 
the  total  cost  of  rolling,  while  the  improvement  in  the  quality  of 
the  product  or  an  increase  in  the  output  affects  all  the  factors, 
and  those  questions  are  usually  the  determining  factors  in  the 
choice  of  the  type  of  mill. 

The  speed  with  which  steel  can  be  rolled  depends,  among 
other  things,  on  the  shape  and  size  of  the  section,  it  being  possible 
and  often  necessary  to  roll  a  small  simple  section  at  a  higher 
speed  than  a  large  irregular  section.  From  this  it  follows  that 
where  a  large  variety  of  sections  are  to  be  rolled  in  a  single  mill, 
as  is  frequently  the  case  in  small  plants,  it  is  often  more  eco- 
nomical to  adopt  the  reversing  mill  with  its  wide  range  of  speed 
than  the  three-high  mill,  the  range  of  speed  of  which  is  limited. 

However,  in  America  the  tendency  in  modem  plants  is  to 
specialize  the  products  of  the  mills,  rolling  a  limited  variety  of 
sections,  either  directly  from  the  ingot  or  from  prepared  billets 
in  large  continuous  mills  made  up  of  several  stands  of  rolls.  In 
a  mill  of  this  type  but  a  few  passes  and  in  many  cases  but  one 
pass  is  rolled  in  a  single  stand.  A  mill  of  this  type  can  obvi- 
ously be  driven  either  by  a  number  of  constant  speed  non-revers- 
ing motors,  one  per  roll  stand,  or  a  single  motor  geared  to  the 
several  stands.  All  but  one  of  the  mills  at  Gary  and  many  of 
the  modem  steam  driven  mills  are  of  this  type. 

There  is  a  class  of  mills  known  as  universal  mills  which,  be- 
cause of  the  difficulty  of  building  a  three-high  mill  of  this  type 
and  the  small  difference  in  cost  between  the  reversing  and  non- 
reversing  steam  engine,  has  been  practically  universally  driven 
by  reversing  engines.  The  very  high  cost  of  the  electrically 
driven  reversing  rolling  mills  led  to  the  development  of  a 
non-reversing  imiversal  mill,  an  example  of  this  type  being  the 
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60-m.  universal  plate  mill  at  the  Gary  works  of  the  Illinois 
Steel  Company.  This  mill  is  driven  by  a  6600-h.p.,  two-speed, 
changeable-pole,  induction  motor. 

Also  with  a  view  of  improving  the  economy  of  existing  re- 
versing mills  and  avoiding  the  high  first  cost  of  the  electrically 
driven  reversing  mills,  it  has  been  pro[)pscd  to  oi)erate  low 
pressure  turbines  in  conjunction  with  these  mills,  a  regenerator 
being  installed  between  the  engine  and  the  turbine; 

While  a  number  of  electrically  driven  reversing  mills  will 
doubtless  be  installed  in  America,  the  indications  arc  that  the 
number  will  be  much  more  limited  than  has  been  the  case  in 
Europe. 

The  slip  regulator  described  may  be  made  extremely  sensitive 
by  the  use  of  ball  bearings;  in  fact,  we  have  built  such  a  regulator 
which,  when  operating  at  full  load,  held  the  demand  for  power 
within  two  per  cent  either  side  of  the  mean. 

Dr.  J.  Puppe  has  made  a  large  number  of  tests  to  determine 
the  power  required  for  rolling  steel  of  various  sections  and  carbon 
contents.  These  test's  and  others  indicate  that  when  steels 
containing  a  considerable  variation  of  carbon  contents  are  rolled 
at  the  same  temperature,  the  power  consumption  for  a  given 
elongation  varies  only  slightly  with  the  variation  in  carbon  con- 
tent. 

It  is  pointed  out  in  the  paper  that  the  etudes  given  in  Fig.  7 
apply  only  to  a  limited  number  of  sections.  We  have  made 
extensive  tests  with  a  view  of  determining  the  power  required 
to  roll  sections  which  differ  widely  from  those  given,  such  as 
sheets  and  plates  both  hot  and  cold  rolled,  and  find  that  the 
tx>wer  required  for  a  given  elongation  may  be  much  greater 
than  that  shown.  Further,  the  friction  varies  widely  with  dif- 
ferent types  of  mills,  the  friction  load  of  some  mills  such  as  cold 
mills  being  a  large  percentage  of  the  total  power  consumed. 

In  contrast  with  the  cold  mills  we  have  the  puddle  mills. 
The  power  required  during  the  early  passes  for  a  given  reduction 
is  much  less  when  rolling  puddle  bar  than  when  making  a  similar 
reduction  in  solid  steel. 

F.  G.  Gasche:  The  object  in  preparation  of  this  paper  is 
stated  on  the  first  page  to  be:  "  To  briefly  review  the  more  im- 
portant points  in  the  design  and  operation.**  As  the  develop- 
ment of  the  subject  matter  introduces  many  observations  to 
which  we  might  not  all  agree,  a  specific  analysis  of  such  ob- 
servations may  be  advisable  in  order  to  uncover,  if  possible, 
the  economic  tendencies  in  rolling  mill  practice  and  design. 

Two  questions  can  be  propounded  at  the  outset,  and  will 
serve  to  illustrate  the  attitude  of  the  iron  and  steel  interests 
today  on  the  roll  drive  problem  if  we  may  judge  by  the  treatment 
accorded  to  these  matters  in  the  recent  past. 

1.  Is  the  reversing  rolling  mill  advisable  or  necessary? 

2.  Is  the  Ilgner  system  the  best  method  of  driving  the  re- 
versing rolling  mill? 


Digitized  by  VjOOQIC 


1608  REVERSING  ROLLING  MILLS  [June  28 

The  reversing  mill  has  been  attractive  to  mill  operators  for 
reasons  that  have  been  stated  as  applying  to  European  practice, 
viz.,  facility  in  accommodating  rapid  changes  in  class  of  product 
and  particularly  for  small  orders  in  each  class.  A  prominent 
advantage  of  the  reversing  mill  consisted  in  the  ready  application 
of  vertical  rolls,  operating  simultaneously  with  the  main  rolls 
and  effective  in  squaring  the  edges  of  slabs,  plates  and  bars, 
where  such  a  contour  is  desirable.  The  production  of  sharp 
comers  on  rolled  sections  is  difficult  with  grooved  rolls  charac- 
teristic of  the  three-high  or  continuous  train  construction  of  rolls. 
Another  advantage,  which  with  modem  construction  is  less 
apparent,  is  the  absence  of  lifting  or  tilting  tables  peculiar  to  the 
three-high  mill  construction.  Withal,  the  reversing  mill  offered 
a  cheap  and  flexible  mill  construction,  easily  adaptable  to  a 
wide  range  of  product  and  particularly  attractive  to  the  small 
plant  and  erratic  demands  for  product. 

The  transformation  from  reversing  mills  to  three-high  con- 
struction commenced  before  the  application  of  large  electric 
motors  to  roll  trains  was  a  possibility.  Commencing  with  the 
smallest  roll  trains  and  with  better  constructions  available  there 
has  been  a  gradual  appropriation  of  a  certain  part  of  the  rolling 
mill  business  by  the  three-high  trains  such  that  there  is  scarcely 
a  class  of  product  which  is  not  rolled  by  the  three-high  or  con- 
tinuous train  with  advantage  over  the  reversing  train.  The 
part  of  the  rolling  mill  work  that  has  been  thus  diverted  to  three- 
high  mills  consists  of  the  assured  heavy  orders  of  a  given  class 
of  product  sufficient  to  meet  the  capacity  of  the  mill.  The  simple 
reason  for  this  evolution  of  mill  types  is  the  commercial  ad- 
vantage after  a  certain  state  of  business  is  realized  at  a  given 
mill.  I  take  exception  to  the  observations  of  paragraph  2  above 
Fig.  1  of  the  paper,  as  it  is  contrary  to  the  experience  with  the  two 
types  of  mills,  irrespective  of  the  method  of  driving  the  same, 
with  the  foregoing  qualifications  concerning  the  class  of  mill 
orders. 

The  author  of  the  paper  has  apparently  overlooked  the  fact 
that  reversing  mills  necessarily  involve  the  inclined  "  spindles  " 
or  connections  from  driving  mechanism  to  the  rolls,  the  angular 
position  of  which  imposes  very  heavy  end  thrusts  on  roll  necks 
and  other  rotating  parts  in  the  system.  Under  the  conditions 
of  service  the  work  lost  in  friction  is  certain  to  be  a  larger  per- 
centage with  the  reversing  mill  than  with  a  properly  aligned 
three-high  train.  The  assertion  in  the  second  paragraph  con- 
cerning the  loss  of  continuously  operating  train  as  compared 
with  the  motor  generator  set  remains  to  be  proved,  as  the  con- 
tinuous train  motor  can  be  stopped  when  the  service  of  the  mill 
is  interrupted,  but  the  nature  of  the  alternating  current  motor- 
direct  current  generator  operation  precludes  anything  like  such 
intermittent  service. 

A  recently  completed  three-high  mill  at  the  Gary  Works, 
which  the  members  of  the  Institute  will  examine,  operates  on  a 
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class  of  product  and  service  which  heretofore  was  considered 
the  domain  of  the  reversing  mill.  A  continuously  rotating  induc- 
tion motor  with  a  suitably  large  flywheel  is  capable  of  ready  control 
to  two  rotative  speeds,  which  range  is  sufficient  to  meet  the  re- 
quirements of  great  variations  in  the  size  of  slab  and  class  of 
product.  Vertical  rolls  have  been  retained,  while  tilting  tables 
serve  for  manipulations  of  the  slabs  with  an  expenditiure  of 
energy  that  is  insignificant  in  comparison  with  the  irrecoverable 
energy  losses  due  to  impact  of  gears,  spindles  and  other  con- 
nections inseparable  from  the  reversing  mill  construction.  It 
may  be  added  that  the  Ilgner  system  of  drive  was  carefully  con- 
sidered for  this  partictdar  imil  and  was  abandoned  for  the 
following  reasons: 

1.  The  combined  eflficiencies  of  transmission  and  transforma- 
tion of  energy  from  shaft  of  prime  mover  to  rolls  was  Tess  than 
the  three-high  construction  wotdd  offer. 

2.  The  cost  of  the  Ilgner  system  was  prohibitive  in  comparison 
with  the  type  that  was  adopted. 

With  the  movement  toward  concentration  of  rolling  mill  work 
in  large  mills  especially  adapted  to  segregated  classes  of  product 
and  the  accompanying  continuous  service,  the  economic  ten- 
dencies answer  the  first  question  and  indicate  that  in  the  ulti- 
mate development  in  this  country  the  reversing  mill  is  neither 
necessary  nor  desirable. 

The  second  question  as  to  the  suitability  of  the  Ilgner  drive 
for  reversing  mills  brings  up  the  subject  of  overall  efficiencies 
from  prime  mover  to  roll  train,  and  cannot  be  disposed  of  by  the 
comparisons  referred  to  above  Fig.  6.  The  Ilgner  system  in- 
volves from  prime  mover  shaft  to  rolls  three  transmissions  of 
energy  and  four  transformations  of  energy,  the  continued  product 
of  the  efficiencies  for  which  must  be  compared  with  the  efficiency 
of  transmission  of  a  direct-connected  prime  mover.  Without 
exhibiting  the  actual  efficiencies  applying  to  the  operation  of  a 
certain  Ilgner  system,  it  can  be  stated  that  a  mechanical  ad- 
vantage in  the  ratio  of  almost  two  to  one  exists  in  favor  of  the 
direct  connected  prime  mover. 

The  construction  referred  to  below  Fig.  6  in  the  paper  is 
today  obsolete  in  view  of  the  demonstrated  possibilities  of  non- 
condensing  compoimd  steam  engine  combined  with  the  most 
recent  types  of  low  pressure  turbo-generator  sets. 

R.  Tschentscher:  Mr.  Sykes  mentions  that  the  pioneer 
work  in  reversing  rolling  mill  motor  drive  occurred  abroad.  I 
.  wish  to  relate  the  following  in  this  connection  as  it  is  quite  possi- 
ble that  some  credit  should  remain  in  this  country: 

Approximately  December,  1905,  at  the  South  Works  of 
the  Illinois  Steel  Company,  I  installed  a  reversing  drive  motor- 
generator  set  consisting  of  26-h.p.,  250-volt,  compound  motor, 
coupled  to  a  75-h.p.,  250-volt;  compound  motor,  which  drive  was 
coupled  to  three  8-in.  by  approximately  50-in.  diameter  steel 
slabs  as  flywheels.     The  75-h.p.  motor  on  this   set,  acting  as 
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generator,  was  connected  to  a  75-h.p.  motor  of  same  type  geared 
to  a  small  train  of  two-high  rolls.  Crop  ends  of  rails  were  cut  in 
two  lengthwise  and  the  heads  were  rolled  into  flats  in  this  train 
of  rolls.  The  operation  of  this  small  experimental  drive  con- 
vinced the  Illinois  Steel  Company  engineers  of  the  practicability 
of  such  a  drive  on  a  larger  scale.  Specifications  were  accordingly 
arranged  for  the  purchase  of  entire  electrical  equipment  for  a  two- 
high  reversing  30-in.  universal  plate  mill,  placed  in  operation  ' 
June,  1907. 

It  is  somewhat  difficult  to  discuss  reversing  rolling  mill  drives 
without  introducing  the  question  of  the  relative  merits  of  two- 
high  and  three-high  mills.  A  few  points  in  this  connection  are 
offered. 

Reversing  two-high  mills  have  the  following  commercial  ad- 
vantages over  three-high  mills. 

1.  Instant  stopping  of  reversing  mill  in  case  of  trouble — 
broken  spindle,  roll,  collar,  accident,  etc. 

2.  Less  maintenance  cost  of  two-high  reversing  mill  equip- 
ment. This  is  due  to  less  operating  parts,  smaller  weight  of 
operating  parts,  less  actual  time  of  operation  of  parts  and  more 
**  trouble-anticipating  jobs  "  performed,  due  to  the  convenient 
and  ready  means  of  shutting  down  mills  for  short  periods. 

3.  In  smaller  plants,  it  is  very  desirable  that  a  miscellaneous 
assortment  of  finished  product  should  be  obtained  from  a  mill. 
This  can  be  better  accomplished  in  a  two-high  than  a  three- 
high  mill.  In  a  two-high  mill,  rails,  shapes,  plates  and  rnerchant 
steel  may  be  obtained  while  in  the  three-high  mill  one  is  practi- 
cally limited  to  a  single  kind  of  finished  product.  In  plants  com- 
prising a  considerable  number  of  different  mills,  this  factor  is 
not  so  important  in  times  of  full  operation  of  the  plant.  How- 
ever, in  times  of  partial  operation,  due  to  business  conditions, 
the  large  plant  assumes  the  characteristics  of  the  small  plant. 
For  the  past  few  years,  this  point  has  assumed  considerable  im- 
portance and  we  are  not  certain  that  this  condition  of  affairs 
will  not  exist  for  a  considerable  period  in  the  futtu'e. 

4.  As  a  general  statement,  the  percentage  of  salable  product  is 
higher  on  a  two-high  mill  than  on  a  three-high  mill,  due  in  a  large 
measure  to  the  speed  control  of  the  two -high  mill  permitting  a 
slower  forging  operation  during'  the  early  passes  and  high  speed 
rolling  operation  during  the  last  passes. 

5.  The  relative  amount  of  finished  product  obtained  from  a 
two-high  and  a  three-high  mill  is  not  easily  determined.  Practi- 
cally all  depends  upon  local  considerations,  the  size  and  shape  of 
the  initial  ingot  and  the  size  and  shape  of  the  finished  product 
being  the  governing  factors.  In  a  mill  rolling  finished  8-in.  by  8-in . 
billets  from  ingots  of  large  size,  it  is  probable  that  the  three-high 
mill  has  more  capacity.  In  a  plate  mi  1  rolling  from  slabs  to 
finished  plates,  it  is  probable  that  the  two-high  mill  has  the  greater 
capacity. 

6.  Less  roll  friction  load  for  two-high  mills.     The  power  re- 
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quired  for  driving  motor-generator  set  will  vary  from  approxi- 
mately 50  to  200  kw.  compared  with  300  to  800  kw.  for  three- 
high  mills. 

7.  Starting  load  on  three-high  mill  is  very  much  in  excess 
of  that  of  motor-generator  set  on  two-high  mill  in  spite  of  any 
commercial  barring  motor  arrangement  which  may  be  installed. 
This  means,  of  course,  a  severe  tax  on  power  stations  and,  to  this 
extent,  larger  power  stations  are  required  for  three-high  mills. 
In  small  plants  or  in  those  purchasing  power,  this  becomes 
quite  a  serious  item.     In  larger  plants,  this  point  is  not  so  serious. 

8.  The  question  of  relative  efficiency  of  reversing  and  con- 
tinuous rotation  drive  is  not  easy  of  disposition.  If  the  full 
load  operating  conditions  of  the  local  electrical  drive  are  consid- 
ered, then  the  economy  of  the  three-high  is  no  doubt  better  than 
that  possible  with  any  two-high  drive  under  the  same  condi- 
tions. However,  the  use  of  such  figtires  in  a  commercial  analysis 
on  the  basis  of  steel  mill  operating  conditions  such  as  they  are 
(not  as  we  would  like  to  have  them)  will  prove  very  misleading.  An 
attempt  must  be  made  to  arrive  at  the  yearly  economy.  This  is 
affected  by  a  large  number  of,  at  the  present  time,  uncontrollable 
factors  in  the  local  mill.  The  intermittent  operation  of  steel 
mills  due  to  orders — or  lack  of  orders — local  mill  operating  con- 
ditions such  as  operation  of  reheating  furnaces,  congested  hot 
beds,  mill  breakdowns,  etc.,  plant  operating  conditions  such  as 
irregular  steel  supply  due  to  a  large  number  of  causes  out  of  the 
control  of  the  local  mill,  are  of  much  more  importance  in  in- 
fluencing the  question  of  yearly  economy  than  the  relative 
figure  of  full  load  economy  of  the  electrical  equipment.  Further- 
more, the  power  station  demands  will  be  greater  and  the  peak 
loads  higher  with  a  three-high  mill  than  with  a  two-high  mill 
and  the  yearly  economy  of  the  power  generating  equipment, 
imder  such  conditions,  is  an  important  factor. 

9.  The  higher  first  cost  of  two-high  reversing  mill  electrical 
equipment  is  compensated  for  to  a  considerable  extent  in  the 
three-high  mill,  by  materially  higher  first  cost  of  mill  proper  and 
by  higher  investment  due  to  the  larger  power  generating  equip- 
ment being  required.  No  broad  general  statement  can  be  made 
to  cover  the  point  of  the  relative  first  cost  of  reversing  mill 
equipment  and  three-high  mill  equipment.  Each  condition  must 
be  analyzed  but  in  such  an  analysis,  one  must  not  cease  calcula- 
tions after  covering  the  electrical  equipment  within  the  roll 
motor  room.  As  mentioned,  the  cost  of  the  mill  equipment  and 
the  cost  of  the  transmission  and  generating  system  must  be 
seriously  taken  into  consideration. 

Theodore  Hoock:  Mr.  Sykes  presented  a  complete  and  up  to 
date  table  of  all  reversing  rolling  mill  installations. 

The  power  consumption  of  this  kind  of  service  is  the  most 
severe  and  variable  one  on  the  machines.  The  maximum  output 
runs  up  to  15,000  h.p.  and  the  momentary  overload  reaches 
5  to  6  times  the  normal  rating.     In  addition  the  motors  are  to 
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be  reversed  continuously,  which  requires  brush  setting  at  the 
neutral  from  full  speed  in  one  direction  to  full  speed  in  the  other 
direction  within  three  to  five  seconds. 

Referring  to  the  installations  No.  1,  2  and  4  in  the  table,  which 
were  built  in  1905  to  1907,  the  following  points  were  leading  in 
choosing  the  type  of  generator  and  motor. 

The  sparkless  commutation  was  only  obtainable  by  atixiUary 
poles.  The  sudden  peak  loads  made  the  distributed  com- 
pensating winding  desirable  for  several  reasons.  The  quick 
variations  of  the  armature  field  cause  a  corresponding  increase 
of  the  voltage  between  segments  underneath  the  pole  tips  which 
leads  to  flashing  in  case  no  compensating  winding  is  provided 
in  the  pole  face.  That  is  especially  the  case  when  the  main 
field  is  weakened.  The  segment  voltage  remains  almost  constant 
with  the  compensating  winding  at  any  load  and  a  smaller 
number  of  commutator  bars  is  feasible.  The  maximum  voltage 
between  segments  can  also  be  kept  low  with  the  auxiliary  pole 
type,  but  it  requires  a  considerably  larger  number  of  bars,  that 
is  a  larger  and  longer  commutator.  Since  the  compensating 
winding  prevents  field  distortion  it  is  feasible  to  build  this  type 
with  a  smaller  air  gap,  which  has  the  advantage  of  decreasing  the 
air  gap  ampere  turns  and  the  time  constant  of  the  main  field 
winding  of  the  generator.  The  quick  field  reversing,  the  small 
remanence  in  the  yoke  iron  and  the  lower  reactance  of  the  field 
coils  decided  for  the  laminated  yoke  and  the  compensating 
winding.  The  laminated  yoke  has  also  the  advantage  that  the 
commutating  field  path  has  practically  the  same  permeance  as 
the  armattu-e  and  the  commutating  field  is  built  up  as  quickly 
as  the  armature  ciurent  has  to  be  commutated  to  prevent 
sparking  and  flashing. 

The  inertia  of  the  motor  is  to  be  small  which  leads  to  a  small 
diameter  and  long  core.  A  low  speed  auxiliary  pole  machine 
with  bodily  poles  and  solid  yoke  and  20  in.  core  length  is  difficult 
to  keep  cool.  The  large  rolling  mill  motors  No.  2  and  No.  4 
could  have  double  this  length  because  the  yoke  iron  was  lami- 
nated in  line  with  induction  motor  practice. 

Wilfred  Sykes:  With  reference  to  the  remarks  of  Mr.  F.  G. 
Gasche  regarding  the  possibility  of  rolling  all  classes  of  materials 
on  three-high  nulls,  I  believe  this  is  not  doubted  by  any  one 
familiar  with  rolling  mill  practice — ^the  question  as  to  whether  it 
is  advisable,  however,  is  open  to  discussion.  As  pointed  out  by 
Mr.  Tschentscher,  the  reversing  mill  is  of  particular  value  in  a 
small  plant,  but  this  type  of  mill  can  also  be  used  to  very  great 
advantage  in  the  larger  plants  for  rolling  small  quantities  of 
largely  varjdng  material,  which  would  be  difficult  with  a  three- 
high  mill..  Mr.  Tschentscher's  statement  that  a  large  plant  in 
bad  times  approximates  very  closely  the  operating  character- 
istics of  a  small  plant,  seems  to  me  to  state  the  case  very  well. 

Mr.  Gasche  takes  exception  to  the  statement  that  the  re- 
versing mill  is  more  economical  than  the  three-high  mill  when 
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working  on  partial  output,  as  being  contrary  to  experience  with 
this  class  of  mill.  I  presume  that  he  refers  to  steam  driven 
mills,  as  this  is  certainly  not  the  case  with  electrically  driven 
mills,  as  has  been  repeatedly  demonstrated  in  Europe. 

The  statement  that  the  continuously  running  motor  may  be 
stopped  during  intervals  applies  equally  well  to  motor-generator 
sets,  as  it  is  common  practice  to  cut  off  the  current  from  the 
driving  motor  of  the  motor-generator  set  and  let  it  coast  when  the 
interval  is  likely  to  exceed  10  or  15  minutes. 

The  reference  to  the  three-high  60-inch  plate  mill  at  Gary 
raises  the  question  which  cannot  be  disposed  of  without  some 
discussion.  This  mill  is  driven  by  a  two-speed  motor  of  53i 
and  107  rev.  per  min.,  the  roughing  passes  being  made  at  the 
slow  speed  and  the  finishing  passes  at  the  high  speed.  This 
necessitates  accelerating  the  motor  from  53  to  107  rev.  per  min. 
during  the  rolling  of  each  plate  and  retarding  the  motor  when  the 
plate  is  finished  in  order  to  have  the  correct  speed  for  the  next 
slab. 

On  accotmt  of  the  low  speed  of  the  motor  during  the  first  passes, 
it  is  necessary  to  have  considerable  flywheel  effect  in  order  to 
obtain  a  reasonable  equalization  of  the  load.  At  the  high  speed 
when  the  stored  energy  is  four  times  as  great,  the  flywheel  effect 
is  not  so  important  as  the  power  requirements  are  usually  less 
for  the  finishing  than  for  the  roughing  passes  due  to  the  fact 
that  the  amount  of  work  that  it  is  possible  to  do  on  the  plate 
per  pass  is  limited  by  what  the  material  will  stand  without 
injury,  consequently  the  maximum  loads  are  not  so  great  as  when 
roughing. 

In  order  to  facilitate  the  changing  of  the  motor  speed  the  fly- 
wheel effect  shoud  be  as  little  as  possible,  otherwise  considerable 
time  and  energy  will  be  lost.  It  will  be  seen  that  the  two  oper- 
ating conditions,  with  such  an  arrangement,  are  antagonistic. 

In  the  case  of  a  reversing  mill,  the  inertia  of  the  motor  is  kept 
as  small  as  possible,  and  therefore  it  is  easy  to  obtain  the  higher 
speeds  for  finishing.  The  flywheel  of  the  motor-generator  set 
takes  care  of  the  fluctuations  in  power  and  consequently  it  is 
possible  with  the  reversing  motor  to  obtain  a  large  range  of 
speeds  and  operating  conditions,  at  the  same  time  to  effectually 
equalize  the  load  on  the  power  plant. 

With  the  arrangement  at  Gary  two  speeds  only  are  obtainable, 
whereas  with  the  reversing  mill  a  gradual  increase  is  possible  and 
thereby  a  great  average  speed  is  obtained  which  enables  the 
output  to  be  increased.  This  is  of  particular  value  when  rolling 
long  plates  and  reduces  the  power  consumption  as  with  quicker 
rolling  the  final  temperature  is  higher. 

Regarding  the  statement  that  the  inclined  spindles  of  the  two- 
high  mill  cause  the  considerable  losses,  this  is  contrary  to  tests 
made  by  the  writer  which  indicate  that  there  is  very  little  dif- 
ference in  the  friction  load  of  a  properly  designed  mill,  no  matter 
what  the  position  of  the  rolls  may  be. 
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Mr.  Gasche*s  statement  that  the  Ilgner  system  is  less  econom- 
ical than  the  direct-connected  motor,  on  account  of  the  various 
transformations,  would  appear  on  the  face  of  it  to  be  correct,  but 
as  pointed  out  in  the  paper,  this  is  not  the  only  feature  to  be  con- 
sidered and  the  curves  shown  are  the  results  of  tests  made  on 
various  mills  and  indicate  that  as  far  as  the  power  required  from 
the  line  for  a  certain  rolling  work  is  concerned,  there  is  at  full  load 
very  little  difference  between  the  three-high  and  the  reversing 
mill. 

When  the  question  of  the  input  to  prime  movers  is  considered, 
the  only  basis  of  comparison  should  be  the  number  of  heat  units 
required  for  the  various  systems.  In  order  to  clear  up  this  point, 
I  have  prepared  a  number  of  curves,  see  Fig.  1,  which  show  the 
results  obtainable  with  various  arrangements.     In  order  to  com- 
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Fig.  1 

Heat  units  required  per  ton  for  rolling  blooms  or  billets  in  reversing  mill  at  full  capacity 

Curve  No.  1. — Steam  drive  saturated  steam  condensing  130  lb.  26  in.  vacuum. 

Curve  No.  2. — Steam  drive  superheated  steam  80  deg.  fahr.  130  lb.  26-in.  vacuum. 

Curve  No.  3. — Electric  drive  turbine  driven  generators  steam  150  lb.  100  deg.  fahr.  super- 
heat 28  in.  vacuum. 

Curve  No.  4. — Steam  drive  combined  with  exhaust  steam  turbine  130  lb.  80  deg.  fahr. 
superheat  28  in.  vacuum. 

Curve  No.  5. — Electric  drive  gas  engine  driven  generators. 

pare  the  different  methods  of  driving,  I  have  reduced  all  results 
to  the  number  of  heat  units  required  in  the  fuel  to  roll  the  steel. 
These  figures  are  on  the  basis  of  rolling  ingots  to  blooms  or  billets 
or  similar  work  when  only  direct  pressure  comes  in  question  and 
the  temperature  range  is  from  about  2200  deg.  fahr.  to  1800  deg. 
fahr.  The  values  shown  are  the  heat  units  required  in  the  coal 
or  gas  and  all  the  various  losses  that  occur  have  been  considered. 
Curve  No.  4  shows  the  results  obtg^ined  from  a  test  on  a  double 
tandem  reversing  engine  of  the  latest  construction  built  in  1909, 
the  exhaust  steam  being  used  by  a  suitable  turbine  coupled  to 
generator.  The  steam  consumption  figures  are  the  result  of  a 
test  extending  over  16  hr.  during  which  645  tons  of  ingots  were 
rolled  to  billets  of  various  sizes.  In  separating  the  output  of  the 
turbine  and  engine,  I  have  divided  the  total  heat  units  in  pro- 
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portion  to  the  actual  work  performed  by  each.  During  these 
tests,  the  average  steam  pressure  was  130  lb.,  the  superheat 
80  deg.  fahr.  and  the  vacuum  about  28  in.  so  that  the  conditions 
were  such  as  to  give  results  as  favorable  as  could  be  expected 
with  such  an  arrangement.  The  loss  in  the  piping  has  been 
taken  at  5  per  cent,  which  corresponds  to  the  average  condition 
and  the  boiler  efficiency  has  been  taken  at  70  per  cent,  which  was 
the  figure  obtained  during  a  four  weeks  test  at  the  same  plant, 
the  boilers  being  of  the  watertube  type  with  chain  grates.  Curve 
No.  2  shows  the  steam  consumption  of  the  engine  working 
without  the  turbine  and  exhausting  direct  into  the  condenser. 
These  figures  check  very  closely  with  those  of  Ortmann  {Stahl 
and  EiseUy  1908,  page  577) — made  on  similar  plants  and  are 
based  on  the  same  steam  conditions  as  when  running  with  the 
turbine.  To  show  the  effect  of  the  superheat,  curve  No.  1  has 
been  drawn,  which  shows  the  consumption  when  running  con- 
densing with  saturated  steam. 

In  order  to  compare  an  electrically  driven  mill  with  turbine 
driven  generators,  ctffve  No.  3  has  been  worked  out  from  results 
obtained  with  electric  drive  and  on  the  basis  of  a  steam  con- 
sumption of  17i  lb.  per  kw-hr.,  at  70  per  cent  load  factor,  150  lb. 
steam,  28  in.  vacuum,  100  deg.  superheat. 

The  lowest  heat  consumption  is  that  with  gas  driven  generators 
and  electric  drive.  Tests  in  this  country  and  abroad  show  that 
an  average  thermal  efficiency  of  20  per  cent  is  obtainable  with 
gas  engines  with  a  load  factor  of  about  70  per  cent  and  taking 
the  results  of  tests  on  electrically  driven  mills,  the  combined 
figures  have  been  obtained,  which  check  up  closely  with  European 
results.  A  load  factor  of  70  per  cent  on  the  machines  has  been 
assumed  as  it  is  quite  possible  to  obtain  this  value  under  normal 
operating  conditions  and  in  a  well  run  station  it  wotdd  be  ex- 
ceeded, but  this  should  not  be  confused  with  the  load  factor  of 
the  station. 

From  these  curves  it  will  be  seen  that  the  gas-driven  generator 
and  electrically  driven  mill  is  by  far  the  most  economical  ar- 
rangement and  as  most  modem  steel  plants  are  using  the  blast 
furnace  gases  directly  in  gas  engines  for  the  production  of  power, 
it  is  plain  that  the  electrically  driven  mill  presents  great  ad- 
vantages from  the  standpoint  of  economy.  The  use  of  elec- 
tricity allows  of  the  disposition  of  the  plant  in  any  way  con- 
venient, whereas  with  steam-driven  mills,  they  must  be  located 
in  relation  to  the  boiler  house  and  this  necessarily  imposes  re- 
strictions which  cause  the  plant  to  become  congested.  The 
figures  given  for  the  steam  driven  plant  with  exhaust  turbine  are 
the  best  that  can  be  obtained  and  do  not  take  into  consideration 
the  effect  of  interruption  in  operation  of  the  mill  when  live  steam 
must  be  used  to  keep  the  turbine  running.  In  the  case  of  a 
reversing  mill,  the  actual  time  the  engine  is  running  is  compara- 
tively short  and  when  work  is  irregular,  it  is  often  necessary  to 
use  live  steam.     Experience  in  Europe  tends  to  show  that  the 
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net  economy  of  the  combined  engine  and  turbine  over  a  year's 
nm,  is  practically  the  same  as  the  electrically  driven  mill  fur- 
nished with  power  by  high-pressure  turbine  driven  generators, 
although  in  the  opinion  of  some  operators,  it  is  a  good  deal  lower. 
The  disadvantage  from  an  operating  standpoint  of  such  an 
arrangement  which  involves  so  many  restrictions,  does  not  in 
my  opinion  justify  its  adoption  for  new  plants.  As  will  be  seen 
from  the  curves  the  saving  that  can  be  made  with  this  arrange- 
ment under  the  most  favorable  conditions  assuming  that  live 
steam  is  never  necessary,  is  in  any  case  not  very  great. 

Mr.  Gasche's  statement  that  the  use  of  a  throttle  valve  be- 
tween the  receiver  and  the  low  pressure  cylinder  is  obsolete,  does 
not  line  up  very  well  with  modem  practice.  For  a  statement 
as  to  the  modem  practice  for  reversing  rolling  mill  engines,  see 
Stahl  and  Risen,  January  19,  1911,  page  97. 

That  the  first  cost  of  the  reversing  null  electrical  equipment 
is  greater  than  that  of  a  three-high  mill,  is  obvious,  but  when  the 
total  cost  of  the  installation  including  the  mill  itself  and  all 
auxiliary  equipment  is  considered,  the  extra  cost  is  surprisingly 
small  and  this  is  of  course  the  only  basis  on  which  any  comparison 
can  be  made.  The  effect  that  the  type  of  drive  has  on  the  gen- 
erating station  is  of  the  utmost  importance  and  as  pointed  out 
by  Mr.  Tschentscher,  it  is  not  only  the  equipment  in  the  motor 
room  that  must  be  considered. 

Regarding  Mr.  Tschentscher's  remarks,  it  is  very  interesting 
to  note  the  experiments  made  at  the  South  Works  of  the  Illinois 
Steel  Co.  in  1905  and  there  is  no  doubt  that  a  great  deal  of  credit 
is  due  to  the  engineers  of  the  company  for  the  installation  of  the 
reversing  plate  mill  at  these  works.  As  mentioned  in  the  paper. 
this  mill  was  designed  and  was  being  constructed  before  the  first 
European  installation  was  started.  With  reference  to  the  cun^ 
given  in  the  paper  showing  power  requirements,  it  should  be 
noted  that  these  represent  average  figures.  Tests  show  very 
widely  varying  results  due  to  a  number  of  causes,  but  the  figtires 
given  may  be  taken  as  representative  of  the  results  obtained  when 
rolling  simple  sections  of  moderate  size.  When  rolling  smaDer 
sections,  the  power  will  be  greater  as  the  metal  is  liable  to  be- 
come colder.  The  power  required  may  also  vary  with  the 
quality  of  steel;  this  however,  is  not  due  to  the  chemical  com- 
position, but  rather  to  the  fact  that  high  carbon  steel  must  be 
rolled  at  a  lower  temperature  than  low  carbon  steels.  Tests 
indicate  that  at  temperatures  above  900  deg.  cent,  the  chemical 
composition  of  the  steel  has  practically  no  influence  upon  this 
strength. 


Digitized  by  VjOOQIC 


A  paptr  pristMtid  at  the  28<A  Annual  Conwen- 
Hon  qf  tka  AmwUan  InsUtuU  of  BlaOrical  Bnti- 
naars,  CkUagfi,  IU„  Juna  38,  1911. 

Copyright  1911.     By  A.  I.  B.  B. 


MULTIPLEX    TELEPHONY    AND    TELEGRAPHY    BY 
MEANS  OF  ELECTRIC  WAVES  GUIDED  BY  WIRES 


BY  GEORGE  O.   SQUIER 


I.    Introduction 

Electrical  transmission  of  intelligence,  so  vital  to  the  progress 
of  civilization,  has  taken  a  development  at  present  into  telephony 
and  telegraphy  over  metallic  wires;  and  telegraphy,  and,  to  a 
limited  extent,  telephony,  through  the  medium  pf  the  ether 
by  means  of  electric  waves. 

During  the  past  twelve  years  the  achievements  of  wireless 
telegraphy  have  been  truly  marvelous.  From  an  engineering 
viewpoint,  the  wonder  of  it  all  is,  that,  with  the  transmitting 
energy  being  radiated  out  over  the  surface  of  the  earth  in  all 
directions,  enough  of  this  energy  is  delivered  at  a  single  point  on 
the  circumference  of  a  circle,  of  which  the  transmitting  antenna 
is  approximately  the  center,  to  operate  successfully  suitable  re- 
ceiving devices  by  which  the  electromagnetic  waves  are  trans- 
lated into  intelligence. 

The  '*  plant  eflSdency  "  for  electrical  energy  in  the  best  types 
of  wireless  stations  yet  produced  is  so  low  that  there  can  be  no 
comparison  between  it  and  the  least  efficient  transmission  of 
energy  by  conducting  wires. 

The  limits  of  audibility,  being  physiological  functions,  are 
well  known  to  vary  considerably,  but  they  may  be  taken  to  be 
in  the  neighborhood  of  16  complete  cycles  per  second  as  the  lower 
limit  and  15,000  to  20,000  cycles  per  second  as  the  upper  limit. 
If,  therefore,  there  are  impressed  upon  a  wire  circuit  for  trans- 
mitting intelligence  harmonic  electromotive  forces  of  fre- 
quencies between  0  and  16  cycles  per  second,  or,  again,  above 
15,000  to  20,000  cycles  per  second,  it  would  seem  certain  that 
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whatever  effects  such  electric  wave  frequencies  produced  upon 
metalHc  Hnes,  the  present  apparatus  employed  in  operating 
them  could  not  translate  these  effects  into  audible  signals. 

There  are,  therefore,  two  possible  solutions  to  the  problem  of 
multiplex  telephony  and  telegraphy  upon  this  principle  by  elec- 
tric waves,  based  upon  the  unalterable  characteristics  of  the 
human  ear,  viz,,  by  employing  (1)  electric  waves  of  infra- 
sound frequencies,  and  (2)  those  of  ultra-sound  frequencies. 
One  great  difficulty  in  designing  generators  of  infra-sound  fre- 
quencies is  in  securing  a  pure  sine  wave,  as  otherwise  any 
harmonic  of  the  fundamental  would  appear  within  the  range  of 
audition.  Furthermore,  the  range  of  frequencies  is  restricted, 
and  the  physical  dimensions  of  the  tuning  elements  for  such  low 
frequencies  would  have  a  tendency  to  become  unwieldy. 

The  electromagnetic  spectrum  at  present  extends  from  about 
four  to  eight  periods  per  second,  such  as  are  employed  upon  ocean 
cables,  to  the  shortest  waves  of  ultra-violet  light.  In  this  whole 
range  of  frequencies  there  are  two  distinct  intervals  which  have 
not  as  yet  been  used,  viz,,  frequencies  from  about  3  X 10"  of  the 
extreme  infra-red  to  5  X 10*°,  which  is  the  frequency  of  the  short- 
est electric  waves  yet  produced  by  electrical  apparatus,  and  from 
about  80,000  to  100,000  cycles  per  second  to  about  15,000  to 
20,000  cycles  per  second.  The  upper  limit  of  this  latter  in- 
terval .represents  about  the  lowest  frequencies  yet  employed 
for  long  distance  wireless  telegraphy. 

Within  the  past  few  years  generators  have  been  developed  in 
the  United  States  giving  an  output  of  two  kilowatts  and  above  at 
a  frequency  of  100,000  cycles  per  second,  and  also  capable  of  being 
operated  satisfactorily  at  as  low  a  frequency  as  20,000  cycles  per 
second.  Furthermore,  these  machines  give  a  practically  pure 
sine  wave. 

The  necessary  conditions  for  telej)hony  by  electric  waves 
guided  by  wires  are  an  uninterrupted  source  of  sustained  oscilla- 
tions, and  some  form  of  receiving  device  which  is  quantitative 
in  its  action.  In  the  experiments  described  in  multii)lex  tele- 
phony and  telegraphy  it  has  been  necessary  and  sufficient  to 
combine  the  present  engineering  practice  of  wire  telephony  and 
telegraphy  with  the  engineering  practice  of  wireless  telephony 
and  telegraphy. 

The  frequencies  involved  in  telephony  over  wires  do  not  ex- 
ceed 1800  to  2000,  and  for  such  frequencies  the  telephonic  cur- 
rents are  fairly  well  distributed  throughout  the  cross  section 
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of  the  conductor.  As  the  frequency  is  increased  the  so-called 
**  skin  effect  "  becomes  noticeable,  and  the  energy  is  more  and 
more  transmitted  in  the  ether  surrounding  the  conductor. 

It  has  been  found  possible  to  superimpose,  upon  the  ordinary 
telephonic  wire  circuits  now  commercially  used,  electric  waves 
of  ultra-sound  frequencies  without  producing  any  harmful  effects 
upon  the  operation  of  the  existing  telephonic  service.  For- 
ttmately,  therefore,  the  experiments  described  below  are  con- 
structive and  additive,  rather  than  destructive  and  supplantive. 

Electric  waves  of  ultra-sound  frequencies  are  guided  by  means 
of  wires  of  an  existing  commercial  installation  and  are  made  the 
vehicle  for  the  transmission  of  additional  telephonic  and  tele- 
graphic messages. 

Apparatus  and  Equipment 
Under  a  special  appropriation  granted  to  the  Signal  Corps  by 
Congress  in  the  Army  Appropriation  Act  of  1909,  a  small  re- 
search laboratory  has  been  established  at  the  Bureau  of  Stand- 
ards, in  the  suburbs  of  the  city  of  Washington.  This  labora- 
tory is  equipped  with  the  latest  forms  of  apparatus  now  em- 
ployed in  the  wireless  telephone  and  telegraph  art,  and  also 
with  the  standard  types  of  telephone  and  telegraph  apparatus 
now  used  upon  wire  circuits.  The  small  construction  laboratory 
of  the  U.  S.  Signal  Corps  is  located  at  1710  Pennsylvania  Avenue 
and  is  also  equipped  with  the  usual  types  and  forms  of  ap- 
paratus used  in  transmitting  intelligence  by  electrical  means. 
Each  of  these  laboratories  is  supplied  with  a  wireless  telephone 
and  telegraph  installation  with  suitable  antennae.  In  addition, 
these  two  laboratories  are  connected  by  a  standard  telephone 
cable  line  about  seven  miles  in  length,  which  was  employed 
in  the  experiments  described  below. 

The  100,000-Cycle  Generator* 
The  high-frequency  alternator,  which  is  shown  complete  with 
driving  motor  and  switchboard  in  the  accompanying  illustrations, 
is  a  special  form  of  the  inductor  type  designed  for  a  frequency 
of  100,000  cycles  with  an  output  of  two  kw.,  making  it  adapted 
for  use  in  wireless  telephony  or  telegracphy. 

Driving  Motor.  The  motor  is  a  shunt-wound  10-h.p.  machine 
with  a  normal  speed  of  1,250  rev.  per  min.  It  is  connected  by  a 
chain  drive  to  an  intermediate  shaft  which  runs  at  a  speed  of 
2000  rev.  per  min.     The  intermediate  shaft  drives  the  flexible 

♦Alcxanderson,  Trans.  A.  I.  E.  E.,  Vol.  XXVIII,. p.  399,  1909. 
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shaft  of  the  alternator  through  a  De  Laval  turbine  gearing, 
having  a  ratio  of  ten  to  one.  The  flexible  shaft  and  inductor 
thus  revolve  at  a  speed  of  20,000  rev.  per  min. 

Field  Coils.  The  field  coils,  mounted  on  the  stationary  iron 
frame  of  the  alternator,  surround  the  periphery  of  the  inductor. 
The  magnetic  flux  produced  by  these  coils  passes  through  the 
laminated  armature  and  armature  coils,  the  air-gap,  and  the 
inductor.  This  flux  is  periodically  decreased  by  the  non-mag- 
netic sections  of  phosphor-bronze  embedded  radially  in  the  in- 
ductor at  its  periphery. 

Armature  Coils,  The  armatures  or  stators  are  ring-shaped  and 
are  made  of  laminated  iron.  Six  hundred  slots  are  cut  on  the 
radial  face  of  each;  a  quadruple  silk-covered  copper  wire, 
0.016  in.  (0.4  mm.)  in  diameter,  is  wound  in  a  continuous  wave 
up  and  down  the  successive  slots.  The  peripheries  of  the 
armature  frames  are  threaded  to  screw  into  the  iron  frame  of  the 
alternator.  By  means  of  a  graduated  scale  on  the  alternator 
frame  the  armatures  can  be  readily  adjusted  for  any  desired  air- 
gap. 

Inductor,  The  inductor  or  rotor  has  300  teeth  on  each  side  of 
its  periphery,  spaced  0.125  in.  (3.17  mm.)  between  centers. 
The  spaces  between  the  teeth  are  filled  with  U  shaped  phosphor 
bronze  wires,  securely  anchored,  so  as  to  withstand  the  centri- 
fugal force  of  80  lb.  (36.3  kg.)  exerted  by  each.  Since  each 
tooth  of  the  inductor  gives  a  complete  cycle,  100,000  cycles  per 
second  are  developed  at  20,000  revolutions  per  minute.  The 
diameter  of  the  disk  being  one  foot  (0.30  m.),  the  peripheral  speed 
is  1,047  ft.  (319  m.)  per  sec,  or  700  miles  (1127  km.)  per  hour,  at 
which  rate  it  would  roll  from  the  United  States  to  Europe  in  four 
hours.  By  careful  design  and  selection  of  material,  a  factor  of 
safety  of  6.7  is  obtained  in  the  disk,  although  the  centrifugal  force 
at  its  periphery  is  68,000  times  the  weight  of  the  metal  there. 

Bearings,  The  generator  has  two  sets  of  bearings,  as  shown  in 
the  illustrations,  the  outer  set  being  the  main  bearings  which 
support  the  weight  of  the  revolving  parts.  These  bearings  are 
self-aligning  and  are  fitted  with  special  sleeves,  which  are 
ground  to  cdncide  with  longitudinal  corrugations  of  the  shaft, 
thus  taking  up  the  end  thrust.  A  pump  maintains  a  continuous 
stream  of  oil  through  these  bearings,  thus  allowing  the  machine 
to  be  run  continuously  at  full  speed  without  troublesome  heating. 

The  middle  bearings  normally  do  not  touch  the  shaft,  but 
take  up  excessive  end  thrust  and  prevent  excessive  radialjvibra- 
tion  of  the  flexible  shaft. 
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An  atixiliary  bearing  or  guide  is  placed  midway  between  the 
gear  box  and  the  end  bearing.  Its  function  is  to  limit  the  vibra- 
tion of  that  portion  of  the  shaft. 

Critical  Periods,  In  starting  the  machine,  severe  vibration 
occurs  at  two  distinct  critical  speeds,  one  at  about  1,700  and  the 
other  at  about  9,000  revolutions  per  minute.  The  middle  bear- 
ings prevent  this  vibration  from  becoming  dangerous. 

Voltage,  With  the  normal  air-gap  between  the  armatures 
and  revolving  disk  of  0.015  in.  (0.38  mm.),  the  potential  de- 
veloped is  150  volts  with  the  armatures  connected  in  series. 
It  is  possible,  however,  to  decrease  the  air  gap  to  0.004  in. 
(0.10  mm.)  for  short  runs,  which  gives  a  corresponding  increase 
in  voltage  up  to  nearly  300  volts.  It  is  considered  inadvisable, 
however,  to  run  with  this  small  air  gap  for  any  considerable  length 
of  time. 

The  machine  is  intended  to  be  used  with  a  condenser,  the 
capacity  reactance  of  which  balances  the  armature  inductance 
reactance  which  is  5.4  ohms  at  100,000  cycles.  This  would  re- 
quire a  capacity  of  about  0.3  microfarad  for  resonance  at  this 
frequency,  but  in  the  experiments  conducted  at  100,000  cycles 
it  was  found  necessary  to  decrease  this  amount  on  account 
of  the  fixed  auxiliary  inductance  of  the  leads. 

Constants  of  the  Telephone  Line 
The  telephone  line  used  in  these  experiments  extends  from  the 
Signal  Corps  laboratory  at  1710  Pennsylvania  Avenue  to  the 
Signal  Corps  research  laboratory  at  the  Bureau  of  Standards. 
This  line  is  made  up  of  the  regular  standard  commercial  equip- 
ment and  consists  of  paper-insulated,  twisted  pairs  in  lead  cov- 
ered cable,  placed  in  conduit  in  the  usual  manner  employed  for 
city  installation.  For  the  sake  of  convenience  one  of  the  pair  is 
designated  as  No.  I  wire  and  the  other  as  No.  2  wire". 

The  air-line  distance  between  the  two  laboratories  is  a  little 
over  three  miles  (4.8  km.),  but  the  telephone  line,  by  passing 
through  three  exchanges,  covers  about  seven  miles  (11.27  km.). 
The  course  of  the  line,  with  the  size  and  type  of  conductor,  is  as 
follows: 

Laboratory  to  Main  Exchange,  underground  cable,  No.  22  B.  &  S. 
Main   Exchange   to   West    Exchange,   underground   cable,    No.    19 

B.  &  S. 
West  Exchange  to  Cleveland  Exchange,  underground  cable,  No.  19 

B.  &  S. 
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Cleveland  Exchange  to  Bureau  of  Standards,  underground  cable, 

No.  19  B.  &  S. 
All  underground  cable  except  from  Bureau  of  Standards  to  Wisconsin 

Avenue  and  Pierce  Mill  Road,  about  3,400  ft,  which  is  aerial 

cable. 

This  line  is  eqtdpped  with  protective  heat  coils  of  a  standard 
typ)e,  one  in  each  wire  of  the  metallic  circuit,  at  the  Cleveland 
Exchange  and  the  Main  Exchange,  but  none  at  the  West  Ex- 
change.    The  constants  of  each  of  these  coils  are  as  follows: 

Direct  current  resistance  of  65  deg.  fahr 3.8  ohms 

Size  of  wire No.  30  B.  &  S. 

Length  of  wire 40  cm. 

Number  of  turns  in  each  coil,  about 38 

Measured  inductance  at  70,000  cycles 4,400  cm. 

or  4.4 XIO*  henry 

The  above  constants  were  measured  from  a  sample  of  one  of 
these  coils  selected  at  random. 

Resistance  of  metallic  circuit -776  ohms 

Capacity   measured    (one   minute   electrification) 

between  No.  1  and  No.  2  wires =0.69  microfarad 

Insulation  resistance: 

Between  No.  1  wire  and  earth =0.9  megohms 

"         No.  2  wire  and  earth =1.3  " 

**         No.   1  and  No.  2  wires  in   parallel 

and  earth =0.8  « 

No.  1  and  No.  2  wires =2.1 

The  line  included  the  usual  house- wiring  at  each  station,  which 
was  undisturbed  in  taking  the  measurements. 

II.  DuPLEX-DiPLEX  Telephony  over  Wire  Circuits 
Such  has  been  the  development  of  telephone  engineering  that 
at  present  any  proposal  which  requires  for  its  success  the  sup- 
planting of  the  present  low  frequency  battery  system  would  be 
most  radical.  It  would  surely  be  admitted  that  any  plan  which 
permits  the  present  engineering  telephone  system  to  remain 
intact  and  superimpose  thereon  additional  telephone  circuits 
would  possess  cardinal  advantages.  Accordingly,  the  first 
preliminary  experiments  were  directed  to  the  inquiry  as  to 
whether  or  not  it  is  possible  to  superimpose  upon  the  minute 
telephonic  cturents  now  employed  in  telephony  over  wires, 
electric  waves  of  ultra-sound  frequencies  without  causing  pro- 
hibitive interference  with  the  battery  telephone  currents.  Mani- 
festly, this  fundamental  point  can  best  be  determined  by  ex- 
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periments,  at  the  generator  itself,  with  the  most  sensitive 
part  of  the  telephone  eqtdpment,  viz,,  the  telephone  receiver. 
Accordingly,  experiments  were  first  conducted  with  various 
forms  and  types  of  telephone  receivers  in  connection  with  local 
circuits  at  the  generator.  Such  is  the  sensibility  of  the  tele- 
phone receiver  that  it  was  thought  possible  that,  although 
currents  of  frequencies  entirely  above  audition  were  applied  to 
the  receiver  from  a  dynamo  as  a  source,  there  might  be  some 
frequency  or  frequencies  from  the  operation  of  the  apparatus 
which  would  be  within  the  range  of  audition.  Such  was  found, 
in  fact,  to  be  the  case  at  certain  critical  frequencies  of  the  ma- 
chine, but  they  were  of  no  practical  importance,  as  will  be  shown 
later. 

With  a  collection  of  telephone  receivers  ranging  from  about  50 
to  over  8000  ohms  and  of  a  variety  of  designs,  a  series  of  tests  was 
made  under  severe  conditions  to  determine  the  above  point.  It 
was  found,  in  general,  that  alternating  currents  of  frequencies 
ranging  from  30,000  to  100,000  cycles  per  second,  when 
coupled  conductively,  inductively,  or  electrostatically  to  local 
circuits  from  the  generator  produced  absolutely  no  perceptible 
physiological  effects  in  the  receivers,  excepting  only  that  at 
certain  of  the  lower  frequencies  a  distinct  audible  note  could  be 
faintly  heard  in  one  of  the  receivers  of  about  250  ohms  re- 
sistance. 

A  search  for  the  cause  of  this  note  showed  that  it  is  due  to  a 
slight  variation  of  the  amplitude  of  the  high-frequency  current  of 
the  generator,  since  no  evidence  of  it  could  be  detected  on  the 
battery  telephone  side  of  the  circuit.  It  appears  to  be  caused 
by  a  very  slight  vibration  of  the  rotor  as  a  whole  in  the  magnetic 
field  of  the  generator.  It  was  almost  entirely  removed  by  the 
simple  device  of  opening  out  the  stators,  which  increases  the 
clearance  and  materially  cuts  down  the  flux  of  the  machine. 
In  practice  it  is  a  distinct  advantage,  however,  to  have  a  trace  of 
this  note  still  left  on  the  high-frequency  side  of  the  circuit,  other- 
wise there  is  no  ready  means  of  determining  at  the  receiving  end 
of  the  cable  line  whether  or  not  the  high-frequency  ciurent  is 
present  on  the  line,  whereas  this  note,  which  has  to  be  searched 
for  in  tuning  and  which  was  entirely  tuned  out  when  speech  was 
best,  gave  a  very  convenient  method  of  testing  for  the  presence 
of  high-frequency  current. 

Having  determined  the  general  nature  of  this  disturbance  and 
its  comparative  unimportance,  no  further  investigation  of  it  was 
considered  necessary  at  that  time. 


Digitized  by  VjOOQIC 


19111  SQUtBR:  MULTIPLEX  TELEPHONY  1625 

The  next  fundamental  point  to  determine  was  whether  or  not 
at  these  frequencies  a  telephone  can  receive  enough  energy  to 
make  it  operative  for  producing  sotmd  waves  in  air. 

Since  the  self-induction  of  a  standard  telephone  receiver  is 
high,  energy  at  these  frequencies  is  eflFectively  barred  from  it. 
In  the  wireless  telegraph  art,  where  the  frequencies  involved  are 
from  one  hundred  thousand  to  several  million  per  second,  this 
problem  has  been  uniformly  solved  by  the  introduction  of  some 
form  of  detector  for  electromagnetic  waves,  whose  function  is  to 
transform  the  energy  of  the  high-frequency  oscillations  into 
other  forms  suitable  to  a  type  of  instrument  such  as  a  telephone 
receiver. 

The  next  step,  therefore,  consisted  in  introducing  various 
forms  of  detectors,  such  as  are  now  used  in  wireless  telegraphy, 
between  the  telephone  receiver  itself  and  the  energizing  circuit. 
Since  the  frequencies  being  here  considered  are  entirely  above 
audition  it  was  necessary,  in  order  to  produce  a  physiological 
effect,  to  introduce  another  element  in  this  transformation, 
viz,,  some  method  of  modif5ring  the  continuous  train  of  sus- 
tained oscillations  from  the  generator  into  groups  or .  trains, 
the  period  of  which  falls  within  the  limits  of  audition.  This  was 
accomplished  by  employing  the  regular  forms  of  automatic  in- 
terrupters, such  as  are  now  used  in  wireless  telegraphy,  with  the 
expected  result  that  with  these  two  additional  and  essential 
pieces  of  apparatus  operatively  connected  between  the  telephone 
receiver  and  the  generator,  the  energy  of  the  generator  was 
delivered  to  the  ear  in  a  form  well  suited  for  physiological  effects. 
Since  it  is  well  known  that  the  human  ear  is  most  sensitive  at  a 
period  of  about  500  cycles  per  second,  or  1000  alternations, 
interrupters  giving  this  frequency  were  employed. 

The  presence  of  the  detectors  in  this  chain  of  transformations 
is  necessitated  by  the  use  of  the  telephone  receiver  as  a  trans- 
lating device. 

Although  some  of  the  detectors  for  electric  waves  are  very 
sensitive  to  electrical  energy  they  are  here  employed  not  be- 
cause they  are  more  sensitive  to  electrical  energy  than  is  the 
telephone  receiver  itself,  which  is  not  the  case,  but  because  the 
telephone  receiver  is  not  adapted,  for  the  reasons  stated  above, 
to  translate  electrical  energy  of  these  frequencies  into  movements 
of  its  diaphragm. 

The  elements  of  the  apparatus  thus  far  include  a  generator  of 
sustained  high-frequency  oscillations,  an  interrupter  to  modify 


Digitized  by  VjOOQIC 


1626  SQUIER:  MULTIPLEX  TELEPHONY  aunc28 

the  amplitude  of  these  oscillations  into  groups  of  a  period  within 
the  range  of  audition,  some  form  of  detector  to  rectify  these 
oscillations,  and  a  telephone  receiver.  Manifestly  here  are  all 
of  the  elements  that  are  necessary  for  telegraphy,  using  the  tele- 
phone receiver  to  interpret  the  signals. 

If  in  the  above  mentioned  chain  of  apparatus  the  interrupter 
is  replaced  by  some  form  of  telephone  transmitter,  such  as  the 
microphone,  this  is  all  that  is  necessary  for  the  transmission  of 
speech. 

Experiments  were  made  over  local  circuits  with  apparatus 
arranged  in  this  order  over  a  r^nge  of  frequencies  from  20,000 
to  100,000  per  second,  with  the  result  that  speech  was  transmitted 
very  satisfactorily.  Upon  removing  the  detector  from  the  above 
arrangement  all  perceptible  effect  in  the  telephone  receiver 
ceased;  in  fact  no  arrangement  of  connections  of  a  telephone  re- 
ceiver to  such  a  high  frequency  circuit  which  did  not  include  some 
form  of  detector  was  fotmd  to  be  operative  for  telephony,  tmless 
certain  low  resistance  telephones  were  used  in  which  case  the 
speech  was  so  much  weaker  as  to  be  of  an  entirely  different  order  of 
magnitude. 

The  presence  of  a  detector  in  this  chain  of  operations  is  not 
absolutely  necessary  in  the  case  of  telegraphy,  since  if  the  inter- 
rupter automatically  produces  a  definite  number  of  wave-trains 
per  second,  each  train  consisting  of  at  least  several  complete 
oscillations,  an  effect  may  be  produced  upon  a  telephone  receiver 
directly  without  a  detector.  The  physiological  effect,  however, 
is  quite  different,  the  clear  fundamental  note  corresponding  to 
the  frequency  of  the  interrupter  being  no  longer  audible,  but, 
instead,  a  peculiar  dull  hissing  sotmd.  If,  however,  a  telephone 
receiver  was  used,  which,  instead  of  ha\4ng  a  permanent  magnet 
as  a  core,  had  one  of  soft  iron,  no  effect  without  the  detector  was 
produced  with  the  energy  used. 

As  stated  above  in  the  case  of  telephony,  the  energy  required 
for  telegraphy  without  a  detector  is  of  a  different  order  of 
magnitude. 

Having  determined  the  necessary  and  sufficient  conditions  for 
the  accomplishment  of  telegraphy  and  telephony  by  means  of 
electric  waves  guided  by  wires  upon  local  circuits,  the  next  step 
was  to  apply  these  means  and  conditions  to  an  actual  com- 
mercial telephone  cable  line,  the  constants  of  which  have  been 
given  above. 

The  machine  was  run  at  a  frequency  of  100,000  cycles  per 
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second  with  the  circuit  arrangements  as  shown  in  Fig.  1,  where 
one  wire  of  the  telephone  cable  was  connected  to  one  terminal 
of  the  secondary  of  an  air-core  transformer,  the  other  terminal 
being  connected  to  earth. 

At  the  receiving  end  of  the  line,  which  was  the  Signal  Corps 
construction  laboratory,  at  1710  Peimsylvania  Avenue,  Wash- 
ington, D.  C,  this  wire  was  connected  directly  to  earth  through 
a  **  perikon  "  crystal  detector,  such  as  is  well  known  in  wireless 
telegraphy,  and  a  high  resistance  telephone  receiver  of  about 
8,000  ohms  was  shunted  around  the  crystal.  In  this  pre- 
liminary experiment  no  attempt  was  made  at  tuning,  either  at 
the  transmitting  end  or  at  the  receiving  end  of  the  line. 

In  the  primary  circuit  of  the  generator,  arrangements  were 
made  by  which  either  an  interrupter  and  telegraph  key  or  a  tele- 
phone transmitter  could  be  inserted  by  throwing  a  switch. 
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Fig.  1 

In  the  line  circuit  a  hot  wire  milliammeter  was  inserted  in  a 
convenient  position  so  that  the  effect  of  the  operation  of  either 
the  telegraph  key  or  of  the  human  voice  upon  the  transmitter 
could  be  observed  by  watching  the  fluctuations  of  the  needle 
of  the  milliammeter. 

A  loose  coupling  was  employed  between  the  two  circuits  at 
the  transmitting  end,  and  the  line  circuit  adjusted  by  varying 
the  coupling  imtil  the  current  in  the  line  was  twenty  to  thirty 
milliamperes.  With  this  arrangement  (1)  telegraphic  signals 
were  sent  and  easily  received,  and  (2)  speech  was  transmitted 
and  received  successfully  over  this  single  wire  with  ground 
return. 

The  ammeter  showed  marked  fluctuations  from  the  human 
voice  and  enabled  the  operator  at  the  transmitting  station  to  be 
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certain  that  modified  electric  waves  were  being  transmitted 
over  the  line. 

The  actual  ohmic  resistance  of  the  line  apparently  played  an 
unimportant  part  for  telegraphy  at  100,000  cycles,  since  with  one 
of  the  wires  of  the  pair  and  a  ground  return,  the  effect  of  doubling 
the  conductivity  of  the  wire  by  joining  both  wires  in  parallel, 
although  this  arrangement  increased  the  capacity  of  the  wires, 
could  not  be  detected  with  certainty  by  an  operator  listening 
to  the  signals  and  unaware  of  which  arrangement  was  being  used. 

Inserting  in  the  line  wire  a  non-inductive  carbon  rod  re- 
sistance of  750  ohms,  which  is  practically  the  resistance  of  the 
line  itself,  could  not  be  detected  by  any  change  in  the  intensity 
of  the  received  signals. 

The  next  experiment  was  to  determine  what  effect,  if  any,  such 
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sustained  electrical  oscillations  would  have  upon  the  minute 
telephonic  currents  employed  in  battery  telephony. 

Duplex  Telephony,  Using  One  Grounded  Circuit 
To  determine  the  fact  that  electric  waves  of  ultra-sound  fre- 
quency produce  no  perceptible  effect  when  superimposed  on  the 
same  circuit  over  which  telephonic  conversation  is  being  trans- 
mitted, the  next  step  was  to  use  such  a  train  of  sustained  os- 
cillations as  the  vehicle  for  transmitting  additional  speech  over 
the  same  circuit.  For  this  purpose  the  twisted-pair  telephone 
line  was  equipped  with  a  complete  standard  local  battery 
telephone  set,  as  installed  for  commercial  practice,  and  in 
addition  one  of  the  wires  of  the  pair  was  equipped  as  in  Fig.  1, 
the  circuit  being  shown  diagrammatically  in  Fig.  2.  This  par- 
ticular arrangement  was  employed  in  this  experiment  fpr  the 
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reason  that  it  was  desired  to  have  the  battery  telephone  operate 
on  its  usual  circuit  with  the  introduction  of  ground  connections 
at  the  ends  of  the  line  for  the  super-position  of  the  high-frequency 
circuit.  When  such  ground  connections  were  introduced  di- 
rectly without  tuning  elements  therein  the  metallic  circuit 
experienced  the  usual  disturbances  found  under  city  conditions, 
but  the  metallic  circuit  could  be  reduced  to  silence  again  by 
introducing  in  the  ground  connections  the  necessary  timing 
elements  of  magnitudes  suited  to  wireless  telegraphy. 

Next,  the  twisted-pair  telephone  line  was  equipped  with  a 
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Fig.  3 

complete  standard  local  battery  telephone  set,  as  installed  for 
commercial  practice,  with  the  exception  that  the  local  battery 
circuit  of  the  transmitter  telephone  set  was  opened  and  a  few 
turns  of  coarse  wire  inserted  in  series  with  the  two  dry  cells 
which  are  normally  used,  as  shown  in  Fig.  3.  Inductively 
connected  with  this  coil  was  the  armature  circuit  of  the  gen- 
erator. A  hot  wire  milliammeter  was  placed  in  the  line  circuit 
to  indicate  the  magnitude  of  the  high  frequency  current  which 
was  flowing  on  the  line.  With  this  arrangement  tests  were  made 
to  determine  whether  or  not  there  were  any  effects  upon  tlic 
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transmission  of  speech,  due  to  superimposing  high-frequency 
currents  upon  the  battery  telephone  sets.  With  an  operator  at 
each  end  of  the  line^  using  the  equipment  in  the  regular  com- 
mercial way,  the  direct  current  voltage  and  the  alternating 
current  voltage  in  series  with  it  in  the  primary  circuit  of  the  trans- 
mitter were  varied  individually  and  relatively  in  a  variety  of 
ways,  with  the  striking  result  that  just  at  the  point  where  the 
direct  current  voltage  was  decreased,  so  that  no  sounds  were  re- 
ceived, the  line  became  absolutely  silent,  although  the  alter- 
nating voltage  in  the  circuit  was  at  its  largest  value,  or,  again, 
speech  would  reappear  at  the  receiving  station  at  the  moment 
when  sufficient  direct  current  voltage  was  introduced  to  produce 
it,  and  the  simultaneous  presence  of  both  the  maximum  direct 
voltage  and  maximum  high-frequency  voltage  in  a  circuit 
produced  exactly  the  same  result  as  the  maximum  direct  current 
voltage  did  alone.  When,  however,  the  high-frequency  current 
in  the  local  circuit  was  forced  to  a  point  which  caused  "  burn- 
ing "  in  the  transmitter  itself,  then,  and  then  only  did  the  high- 
frequency  current  in  any  way  interfere  with  the  transmission. 

By  transferring  this  coil  from  the  local  circuit  of  the  telephone 
set  directly  into  the  line  itself,  so  that  the  high  frequency  os- 
cillations would  be  superimposed  upon  the  line  beyond  the  iron 
cored  induction  coil  of  the  telephone  transmitter,  it  was  not 
possible  to  detect  the  presence  or  absence  of  high-frequency 
currents. 

As  a  test  under  severest  conditions  the  effect  was  noted  upon 
speech  received  at  the  same  station  at  which  the  high  frequency 
current  is  being  impressed,  for  here  are  the  attenuated  telephonic 
currents  at  the  receiving  end  of  the  telephone  line,  on  which  is 
superimposed  a  high-frequency  current  of  vastly  greater  mag- 
nitude at  the  same  point.  No  effects  of  any  kind  could  be 
detected  under  these  conditions.  From  the  above  experiments 
it  appears  that  in  any  attempt  at  multiplex  telephony  by  means 
of  electric  waves  of  ultra-sound  frequencies  superimposed  upon 
the  minute  telephonic  currents  employed  in  battery  transmission 
there  is  nothing  to  fear  from  disturbances  of  such  currents  upon 
the  operation  of  the  ordinary  battery  equipment. 

Silent  Earth  Circuits 
The  electromagnetic  constants  of  the  apparatus  employed  in 
telegraphy  and  telephony  over  wire  circuits  are  of  the  order  of 
magnitude  of  microfarads  and  henrys,  and  since  no  attempt  is 
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made  at  tuning,  these  are  constructed  at  present  with  no  provi- 
sion for  continuously  varying  the  units. 

In  wireless  telegraphy  and  telephony  these  electromagnetic 
constants  are  of  the  order  of  magnitude  one  thousand  times 
smaller,  or  are  expressed  in  thousandths  of  microfarads  and  of 
henrys;  furthermore,  these  forms  of  apparatus  are  provided  with 
convenient  means  of  continuously  varying  their  values  for  tuning. 

In  the  operation  of  providing  tuning  elements  for  earth 
connections  there  is  at  the  same  time  afforded  a  certain  means  of 
eliminating  any  harmful  disturbances  from  the  earth,  for  the 
condensers  employed  for  tuning  to  frequencies  above  audition 
possess  an  impedance  to  the  frequencies  involved  in  speech 
and  also  any  disturbances  from  the  earth,  which  effectively 
prevents  the  passage  of  any  disturbance  of  audible  frequency. 
These  condensers  offer  a  comparatively  free  passage  to  the  elec- 


FiG.  4 

trical  oscillations  of  the  frequencies  here  being  considered.  When 
such  earth  connections  are  selectively  tuned  with  the  line  to  fre- 
quencies entirely  above  audition  it  is  evident  that  no  audible 
frequencies,  either  in  the  earth  itself  or  from  the  line,  can  pass. 
Simple  experiments  proved  the  efficiency  of  this  arrangement, 
and  when  the  metallic  telephone  circuit,  equipped  with  a  stand- 
ard local  battery  set,  was  connected  to  earth  in  the  manner 
described,  the  operation  of  the  battery  set  was  perfectly  quiet 
and  equally  good  with  and  without  such  earth  connections. 

The  point  was  now  reached  where  the  road  was  clear  for  duplex 
telephony,  and  for  this  purpose  the  apparatus  and  methods 
employed  in  wireless  telephony  were  applied  to  one  of  the  wires 
of  the  metallic  circuit  as  though  it  were  an  antenna.  The  actual 
arrangement  of  this  circuit  is  shown  in  Fig.  4,  in  which  G  is  the 
soiu^ce  of  sustained  high  frequency  oscillations;  C  is  the  tuning 
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condenser  of  the  oscillatory  circuit;  L'  is  the  tuning  inductance 
of  the  oscillatory  circuit ;  P  is  the  primary  of  the  oscillation  trans- 
former; A  is  the  ammeter;  M  is  the  transmitter  microphone;  5 is 
the  secondary  of  the  oscillation  transformer  in  the  line  drcuit; 
C  is  the  tuning  condenser  in  the  line  circuit ;  L  is  the  tuning  induc- 
tance in  the  line  circuit;  A'  is  the  ammeter  in  the  line.  At  the 
receiving  end  of  the  line  Ci  is  the  line  tuning  condenser;  Li  is  the 
line  tuning  inductance;  Pi  is  the  primary  of  the  oscillation  trans- 
former; Si  is  the  secondary  of  the  oscillation  transformer; 
Li'  is  the  tuning  inductance  in  the  oscillatory  circuit;  «/  is  the 
timing  condenser  in  the  oscillatory  circuit,  between  which  and 
the  telephone  F'  the  detector  D  is  operatively  connected;  E  is 
the  earth  connection. 

The  local  battery  telephone  sets  are  connected  across  the  two 
line  wires  in  the  usual  manner.  In  both  sets  1  is  the  microphone 
transmitter;  2  is  the  local  battery;  3  is  the  induction  coil;  4  is  the 
ringing  system,  including  the  bell  and  hand  generator;  5  is  the 
switch  hook;  6  is  the  telephone  receiver. 

It  was  found  that  cross-talk  was  heard  in  the  detector  circuit 
from  the  battery  transmitter  at  the  transmitting  end  when  the 
detector  circuit  alone  was  connected  directly  to  earth  from  the 
line  without  any  tuning  coil  or  condenser.  If,  however,  the 
tuning  condenser  was  inserted,  this  cross-talk  entirely  dis- 
appeared, even  though  the  tuning  coil  was  not  inserted.  This  is 
because  the  impedance  of  the  small  tuning  condenser  is  large  for 
telephonic  frequencies,  while  the  tpning  coil  impedance  admits 
these  telephonic  frequencies.  Both  elements  of  tuning  are  re- 
quired for  selective  absorption  of  energy,  so  that  the  high-fre- 
quency circuit  is  available  as  an  additional  telephonic  circuit. 
With  this  arrangement  talking  in  the  transmitter  of  the  high 
frequency  side  of  the  system  was  heard  only  in  the  detector  and 
there  was  no  cross-talk  from  the  ordinary  local  battery  drcuit. 
Similarly,  there  was  no  effect  of  the  high-frequency  transmission 
on  the  local  battery  transmission,  and  the  two  telephonic  meb- 
sages  were  completely  separated.  Both  circuits  were  entirely 
free  from  earth  disturbances. 

The  volume  of  speech  at  the  receiving  end  of  the  cable  is 
greatly  increased  by  simply  inserting  the  transmitter  in  the 
dynamo  circuit  and  operating  this  circuit  at  or  near  reson- 
ance. In  addition,  the  coupling  at  both  transmitting  and  re- 
ceiving stations  should  be  so  designed  as  to  permit  adjustment 
for  optimum. 
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The  frequency  used  in  this  experiment  was  about  100,000 
cycles  per  second.  The  talk  on  the  regular  battery  circuit  was 
of  the  usual  high  standard  both  ways,  so  that  the  only  reason  at 
this  point  why  complete  duplex-diplex  telephony  was  not  ob- 
tained was  the  fact  that  there  was  no  high-frequency  dynamo 
available  at  the  laboratory.  There  is,  however,  available  at 
this  laboratory  one  of  the  latest  forms  of  the  high-frequency  arc, 
and  accordingly  this  was  arranged  with  suitable  electromagnetic 
constants  to  give  a  period  of  about  71,000  cycles  per  second,  as, 
measured  by  a  standard  wave  meter  such  as  is  now  commonly 
used  in  wireless  telephony  and  telegraphy.  This  source  of  high- 
frequency  electromotive  force  was  induced  upon  the  high  fre- 
quency line  wire  in  a  similar  manner  to  that  described  in  the 
station  at  the  Bureau  of  Standards,  with  the  result  that  one  of 
the  wires  of  the  twisted-pair  was  made  to  carry  simultaneously 
the  battery  telephonic  currents  from  the  two  transmitters,  the 
high  frequency  oscillations  of  about  100,000  cycles  per  second, 


Fig.  5 

applied  at  the  Bureau  of  Standards,  and  the  high-frequency 
oscillations  of  about  71,000  cycles  per  second,  applied  at  the 
laboratory.  No  influence  from  these  conditions  was  perceptible 
upon  the  excellence  of  the  battery  transmission  and  reception  of 
speech  either  way. 

Duplex  Telephony,  Using  Metallic  Circuit 
(a)  bridging  arrangement 

The  next  experiments  pertained  to  the  standard  metallic 
circuit  as  universally  used  on  telephone  toll  lines  in  congested 
districts.  The  electric  constants  of  this  line  have  already  been 
given. 

The  next  step  was  to  remove  entirely  the  earth  connections 
from  the  metallic  circuit  and  superimpose  both  telephonic  cir- 
cuits upon  the  same  pair  of  wires,  as  shown  in  Fig.  6,  in  which 
the  high-frequency  apparatus,  shown  diagrammatical ly  in 
Fig.  6,  is  bridged  across  the  line  wires  A  and  A\     G  is  the  source 
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of  sustained  high  frequency  oscillations;  Ci  is  the  tuning  con- 
denser of  the  oscillatory  circuit;  Li  is  the  tuning  coil  of  the  os- 
cillatory circuit;  P  is  the  primary  of  the  oscillation  transformer; 
A  is  the  ammeter ;  M  is  the  transmitter  microphone ;  S  is  the 
secondary  of  the  oscillation  transformer  in  the  line  circuit ;  C  is  the 
tuning  condenser  in  the  line  circuit;  L  is  the  tuning  inductance 
in  the  line  circuit;  Ai  is  the  ammeter  in  the  line.  At  the  re- 
ceiving end  of  the  line,  C  is  the  line  tuning  condenser;  L'  is  the 
line  tuning  inductance;  P'  is  the  primary  of  the  oscillation  trans- 
former; 5'  is  the  secondary  of  the  oscillation  transformer; 
L*^  is  the  tuning  inductance  in  the  oscillatory  circuit;  C  is  the 
tuning  condenser  in  the  oscillatory  circuit,  between  which  and 
the  telephone  F  the  detector  D  is  operatively  connected. 

The  local  battery  telephone  sets  are  connected  across  the  line 
wires  in  the  usual  manner.  In  both  sets,  1  is  the  microphone 
transmitter;  2  is  the  local  battery;  3  is  the  induction  coil;  4  is  the 


ringing  system,  including  the  bell  and  hand  generator;  5  is  the 
switch  hook;  6  is  the  telephone  receiver. 

Since  the  high  frequency  apparatus  as  commercially  developed 
in  the  wireless  telegraph  art  was  used,  each  of  the  units  was 
variable  and  had  been  previously  carefully  calibrated  by  refer- 
ence to  the  standards  of  the  Bureau  of  Standards.  The  coupling 
coils  were  of  the  design  adapted  for  wireless  telephony,  the 
coefficient  of  coupling  being  adjustable  between  wide  limits. 
It  was  therefore  a  matter  of  hours  to  run  through  a  large  number 
of  experiments  in  which  various  combinations  were  tried. 

The  transmitters  first  tried  were  those  of  the  microphone  type 
inserted  in  the  armature  circuit  of  the  dynamo  and  provided 
with  water  cooling  when  currents  of  several  amperes  were  to  be 
used. 

It  was  soon  found,  however,  that  the  efficiency  of  transmission 
of  this  cable  line  was  so  good  for  electric  waves  of  these  fre- 
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quencies  that  a  very  small  current,  in  the  neighborhood  of  two 
milliamperes,  sent  into  the  line  was  amply  suiBcient  for  good 
speech  at  the  receiving  end  about  seven  miles  distant.  No  at- 
tempt was  made  to  determine  to  what  lower  limit  the  transmis- 
sion current  could  reach  in  this  respect,  but  such  small  ourents 
enabled  the  ordinary  telephone  transmitter  to  be  used  without 
any  provision  for  cooling,  especially  when  it  was  inserted  in  the 
line  circuit,  instead  of  in  the  armature  circuit  of  the  dynamo. 

The  telephone  receivers  were  those  regularly  furnished  for 
wireless  telephony,  ranging  in  resistance  from  2,000  to  8,000 ohms. 

Resonance.  As  was  expected,  the  phenomena  of  resonance 
under  the  conditions  which  here  obtained  were  very  pronounced 
and  highly  consistent,  since  there  is  here  a  definite  circuit  free 
from  the  disturbances  and  variations  inherent  in  radio  telegraphy 
and  telephony.  In  wireless  telegraphy  and  telephony  it  is  well 
known  that  within  a  few  minutes  transmission  will  drop  off 
many  fold  from  causes  not  entirely  understood,  and  from  di- 
urnal variations  and  electrostatic  disturbances,  effective  trans- 
mission is  often  prevented. 

In  general,  the  different  circuits  were  tuned  to  resonance  in 
the  same  manner,  for  the  same  purpose  and  with  the  same  effect 
as  in  wireless  telephony  and  telegraphy. 

The  line  circuit  itself  was  readily  tuned  to  resonance  for  the 
particular  frequency  of  the  dynamo  by  noting  the  maximum 
reading  of  the  hot  wire  ammeter  A  i  in  the  line  itself.  This  maxi- 
mum is  readily  found  by  varying  either  the  capacity  C,  or  the 
inductance  L,  or  both. 

At  the  receiving  end  of  the  line,  coil  L'  and  the  condenser 
C\  as  well  as  the  coil  L"  and  the  condenser  C,  were  tuned  to 
give  a  maximum  intensity  of  signals  in  the  receiving  telephone 
of  the  audion. 

The  audion,  a  detector  of  the  so-called  vacuum  type,  consists 
of  an  exhausted  bulb  containing  (a)  a  tungsten  filament  main- 
tained at  incandescence  by  a  current  from  a  local  battery  of  six 
volts  and  (b)  two  platinum  electrodes  insulated  from  the  fila- 
ment and  from  each  other.  To  these  electrodes,  one  of  which  is 
a  platinum  plate  and  the  other  a  platinum  grid,  there  are  applied 
through  the  high  resistance  receivers  about  35  to  45  volts  from 
a  local  battery.  The  brilliancy  of  the  filament  is  controlled  by 
a  small  series  rheostat,  and  the  voltage  applied  to  the  insulated 
terminals  by  a  local  potentiometer. 

The  gases  in  the  bulb,  becoming  ionized  by  contact  with  the 
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glowing  electrode,  serve  as  a  conductor  of  electricity,  having  a 
high  unilateral  conductivity.  If  the  platinum  wire  grid  is  dose 
to  the  hot  filament  and  the  plate  at  some  greater  distance,  the 
direction  of  greater  conductivity  is  from  the  plate  through  the 
gas  by  the  ionic  path  to  the  grid,  so  that  if  the  positive  terminal 
of  the  telephone  battery  is  applied  at  the  plate  terminal  and  the 
negative  at  the  grid  terminal,  a  sufficient  current  to  operate  the 
telephone  will  flow. 

If  the  terminals  of  the  condenser  of  a  resonant  receiving 
circuit  are  connected  to  the  grid  and  to  one  terminal  of  the  filament 
the  high  frequency  e.m.f.  impressed  from  this  resonant  circuit 
will  cause  a  greater  current  to  flow  through  the  gas  in  one  direc- 
tion than  in  the  other,  as  in  the  case  of  the  direct-current  po- 
tential applied  through  the  telephone  receiver.  This  rectifying 
effect  will  be  reproduced  in  the  telephone  receivers,  causing  them 
to  make  audible  the  received  signals. 

By  changing  the  coefficient  of  coupling  or  the  potential  across 
the  audion,  which  is  adjustable,  or  the  amount  of  ionization  of 
the  gases  in  the  tube  by  adjusting  the  current  through  the 
filament,  or  any  combination  of  these,  it  was  found  that  the 
receiving  operator  could  bring  out  the  speech  to  suit  his  par- 
ticular fancy. 

As  stated  above,  the  dynamo  operated  regularly  at  ranges 
from  100,000  cycles  per  second  down  to  20,000  cycles  per  second. 
It  was  therefore  possible  to  try  the  effect  of  a  comparatively 
wide  range  of  frequencies  in  these  experiments,  covering  three 
octaves,  the  inductances  and  capacities  being  chosen  to  corres- 
pond to  each  particular  frequency.  It  was  fotmd  that  more 
energy  was  delivered  over  this  particular  type  and  length  of 
circuit  by  using  the  lower  frequencies  of  this  range  than  the 
higher  ones,  although  efficient  results  were  easily  obtained  at 
any  point. 

The  battery  telephone  side  of  the  equipment  was  left  abso- 
lutely intact,  as  it  would  be  commercially  used,  and  severe  tests 
were  made,  employing  four  operators,  to  determine  the  efficiency 
of  two  simultaneous  conversations  over  this  same  pair  of  wires. 

The  ringing  circuit  was  operative  both  ways  with  no  apparent 
effect  on  the  high  frequency  telephone  transmission.  This 
ringing  circuit  develops  a  comparatively  large  alternating  current 
flowing  in  the  wire  at  about  30  cycles  per  second  and  at  a  voltage 
of  many  times  that  of  either  the  high  frequency  or  the  battery 
side  of  the  circuit. 
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Artictilation  tests,  including  music»  numerals  and  other  diffi- 
cult combinations,  gave  satisfactory  results,  with  no  inter- 
ference whatever  between  the  two  sides  of  the  circuit. 

By  holding  one  telephone  receiver  to  one  ear  and  the  other 
receiver  to  the  other  ear  the  receiving  operator  cotdd  hear  two 
entirely  different  conversations  simultaneously  over  the  same 
pair  of  wires. 

(b)  series  arrangement 

A  circuit  was  next  made  up  with  high  frequency  apparatus 
inserted  directly  in  the  line  in  series,  instead  of  in  the  bridging 
arrangement  shown  in  Fig*  5.  The  circuit  used  is  shown  dia- 
grammatically  in  Fig.  7,  in  which  L  and  V  are  the  secondary 
coils  of  the  transmitter  and  receiver,  respectively.  C  and  C 
represent  variable  condensers  of  the  order  of  magnitude  used  in 
wireless  telegraphy  and  serve  as  low  impedance  paths  for  the 
high-frequency  oscillations,  and  at  the  same  time  prevent  the 
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Fig.  7 

short  circuiting  of  the  low-frequency  battery  telephone  current. 
It  was  found  that  this  arrangement  gave  apparently  as  good 
results  as  the  bridging  arrangement  of  the  circuit. 

III.  Duplex-Diplex  Telegraphy 
Having  described  in  detail  the  experiments  for  obtaining  the 
simultaneous  transmission  of  two  telephonic  messages  over  a 
single  circuit,  it  will  be  apparent  that  the  problem  of  transmitting 
two  telegraphic  messages  over  the  same  circuit  may  be  solved 
by  methods  and  apparatus  as  far  as  the  high  frequency  side  of 
the  circuit  is  concerned,  which  are  practically  identical  with 
those  described  above. 

In  this  connection  the  metallic  circuit  referred  to  was  equipped 
with  a  standard  Morse  set  for  manual  operation,  and  upon  this 
circuit  was  superimposed  an  equipment  for  transmitting  in  one 
direction  telegraphic  messages  by  means  of  sustained  high  fre- 
quency oscillations,  emplo5ring  the  telephone  as  the  means  for 
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receiving  the  signals.  The  circuit  used  is  shown  diagrammatically 
in  Pig.  8,  in  which,  in  the  Morse  set,  there  are  shown  between  the 
line  wire  and  the  ground  G,  the  line  relay  5,  the  key  K,  and  the 
line  battery  B;  and  the  local  battery  b  and  the  sounder  s;  and 
in  which,  in  the  high  frequency  set,  are  similarly  shown  between 
the  line  wire  and  the  ground  G  the  tuning  elements  C  and  L; 
and  at  the  transmitting  end  the  oscillation  transformer  T,  the 
primary  of  which  is  in  circuit  with  the  dynamo  as  a  source  of 
sustained  oscillations,  the  telegraph  key  K\  the  interrupter  1 
and  the  tuning  elements  C  and  L',  and  at  the  receiving  end  the 
oscillation  transformer  R  in  the  secondary  circuit  of  which  are 
included  the  usual  tuning  elements  and  operatively  connected  to 
them  the  detector  and  its  telephone  as  a  means  of  receiving  the 
signals. 


Fig.  8 

As  noted  in  the  case  of  the  preliminary  local  circuit  tests,  it 
was  found  that  over  this  particular  line  it  was  not  necessary 
to  use  a  detector  for  electromagnetic  waves,  since  enough  energy 
was  delivered  to  operate  the  telephone  receiver  by  connecting  it 
directly  between  the  line  and  the  earth. 

The  sound  produced,  however,  was  characteristically  different 
in  the  two  cases.  With  the  detector  the  individual  signals  had 
the  characteristic  tone  corresponding  to  the  interrupter  at  the 
transmitting  end  of  the  line,  whereas  without  the  detector 
this  tone  was  entirely  absent,  and  a  general  dull  sound,  due  to  the 
resultant  action  of  the  wave-trains  was  heard.  If,  however,  a 
telephone  receiver  was  employed  with  a  soft  iron  core,  instead 
of  a  permanent  magnet,  no  result  was  obtained  with  the  limited 
power  used  on  this  line. 

Although  little  mention  of  telegraphy  by  high-frequency  elec- 
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trie  waves  has  been  made  thus  far,  as  a  matter  of  fact  it  was  found 
convenient  during  the  experiments  upon  telephony  actually  to 
employ  telegraphy  as  a  quick  and  ready  means  of  determining 
resonance  between  the  circuits  in  each  particular  case. 

When  any  particular  arrangement  was  being  employed  the  first 
steps  were  invariably  to  send  simple  Morse  signals  over  the  cir- 
cuit until  the  operator  at  the  distant  end  of  the  line  reported 
maximum  loudness  in  the  receiving  telephone,  which  indicated 
that  the  terminal  apparatus  with  the  line  circuit  was  properly 
tuned.  This  being  accomplished  it  was  necessary  only  to  throw 
a  switch,  to  substitute  for  the  automatic  interrupter  and  tele- 
graph key,  the  telephone  transmitter,  and  .the  experiments 
cotdd  then  proceed  on  telephony  without  any  material  change 
being  made  at  the  receiving  station.  Telephony  and  telegraphy 
thus  proceeded  hand  in  hand  as  a  mere  matter  of  convenience, 
and  one  of  the  practical  advantages  in  the  use  of  electric  waves 
for  transmitting  intelligence  is  that  the  whole  set-up  of  apparatus 
is  practically  the  same  for  each  and  they  can  be  used  inter- 
changeably over  the  same  circuit. 

Considering  the  Morse  equipment,  indicated  in  Fig.  8,  the 
electromagnetic  units  involved  are  of  the  order  of  magnitude  of 
microfarads  and  henrys,  and  the  period  of  the  interrupted  direct 
current  for  Morse  sending  is  not  more  than  the  equivalent  of 
about  10  complete  cycles  per  second,  whereas  in  the  high  fre- 
quency side  of  the  circuit  the  electromagnetic  units  are  of  the 
order  of  magnitude  of  thousandths  of  a  microfarad  and  of 
thotisandths  of  a  henry  and  with  frequencies  not  less  than 
2000  times  greater  than  those  involved  in  manual  Morse  sending. 
Furthermore,  the  ohmic  resistance  of  the  line  which  plays  a 
prominent  part  in  limiting  the  distance  and  speed  of  Morse 
working,  is  comparatively  unimportant  in  the  case  of  electric 
waves  guided  by  wires.  The  operation  of  the  line  equipped 
as  in  Fig.  8  was  perfectly  satisfactory,  there  being  no  per- 
ceptible interference  between  the  two  messages  in  either  direc- 
tion. 

Since  the  standard  telegraph  circuits  of  the  world  use  a  ground 
return,  this  same  equipment  was  arranged  to  operate  on  one 
of  the  wires  of  the  twisted-pair  in  the  telephone  cable  as  such 
a  circuit  with  earth  connections  at  each  end,  and  its  operation 
was  equally  successful. 

Since  it  is  a  well  known  characteristic  of  high  frequency  ap- 
paratus used  in  tuned  circuits  that  there  shall  be  no  iron  involved 
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in  the  circuit,  it  is  evident  that  in  cases  where  such  a  high- 
frequency  current  is  to  be  superimposed  upon  a  line  comprising 
way-stations,  where  line  relays  are  inserted  directly  in  the  circuit, 
it  will  be  necessary  and  suflBcient  to  shunt  such  way-stations  by 
condensers  of  the  order  of  magnitude  of  thousandths  of  a  micro- 
farad. Such  condensers  offer  a  comparatively  free  path  for  the 
high-frequency  electric  waves,  but  interpose  a  practical  barrier 
to  the  Morse  frequencies. 

The  same  general  statement  can  be  made  relative  to  any  of 
the  standard  forms  of  low-frequency  telegraphy  over  wires  as 
now  practiced,  such  as  the  polar  duplex,  the  differential  duplex, 
and  the  duplex-diplex  emplo5dng  alternating  currents  of  low 
frequency  and  standard  keys,  relays  and  sounders. 

Inserting  a  regular  150-ohm  telegraph  relay  in  series  in  the 
line  cuts  down  the  high  frequency  current  to  a  small  percentage  of 
its  original  value,  which  indicates  the  marked  influence  of  the 
presence  of  iron  in  such  a  circuit.  Furthermore,  it  was  noted 
that  at  100,000  cycles  the  hysteresis  of  the  iron  core  was 
so  great  that  it  became  heated  very  perceptibly  in  a  few 
moments. 

Since  a  portion  of  the  telegraph  lines  now  used  is  still  composed 
of  iron  wires,  it  would  be  expected  that  electric  waves  would  be 
propagated  over  such  wires  less  efficiently  than  over  copper 
wires,  although  it  is  well  known  that  electric  waves  penetrate  only 
about  one-thirteenth  as  deeply  into  soft  iron  for  a  given  frequency 
as  into  copper,  but  this  is  modified  by  the  fact  that  the  iron  in 
telegraph  wires  is  not  soft  iron  and  in  addition  is  galvanized. 

IV.  Measurements  of  Electric  Waves  of  Frequencies  from 
20,000  TO  100,000  Cycles  per  Second  on  a  Standard 

Telephone  Cable  Line 
In  order  to  understand  more  fully  the  conditions  for  the  suc- 
cessful transmission  of  electric  waves  along  commercial  telephone 
cable  conductors,  a  preliminary  study  of  this  particular  line  has 
been  made  and  the  engineering  data  obtained  is  submitted. 

In  approaching  the  subject  of  these  measurements,  although 
the  circuit  involved  is  a  wire  circuit  throughout,  the  method  of 
treatment  of  the  tests  carried  out  has  been  that  of  wireless  engi- 
neering, rather  than  the  usual  tests  made  upon  wire  circuits. 
The  range  of  frequencies  used  overlaps  at  its  upper  limit  those 
which  already  have  been  employed  in  long  distance  wireless 
telegraphy,  and  at  the  lower  limit  approaches  those  used  in 
]jelephone  tests  near  the  upper  limit  of  audibility. 
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The  measurements  have  been  confined  to  the  simple  case  of 
the  metallic  circuit,  and  other  circuits  involving  ground  con- 
nections have  not  been  investigated. 

Resonance  Curves 

In  order  to  determine  in  a  general  way  the  properties  of  this 
particular  line  independent  of  the  receiving  terminal  apparatus, 
the  first  inquiry  was  directed  to  the  construction  of  typical 
resonance  curves  in  the  cases,  first,  with  the  line  open  at  the 
receiving  end,  and,  second,  with  the  line  short-circuited  at  the 
receiving  end,  after  which  the  modifications  introduced  by  the 
presence  of  certain  terminal  apparatus  were  briefly  investigated. 

In  order  to  indicate  the  general  characteristics  of  these  reson- 
ance curves  as  the  frequency  of  the  electric  waves  is  varied,  four 
particular  frequencies  were  selected  at  approximately  equal 
intervals  from  95,000  to  36,500  cycles  per  second,  and  at 
each  of  these  frequencies  two  curves  were  obtained,  one  with 
the  line  open  and  the  other  with  the  line  short-circuited  at  the 
receiving  end. 

The  generator  was  operated  either  from  a  dynamo  source  or 
from  a  storage  battery,  and  under  proper  conditions  it  ran  so 
regularly  and  the  whole  phenomena  of  resonance  were  so  regular 
and  orderly,  that  after  a  little  practice  the  observations  for  each 
particular  resonance  curve  could  be  taken  as  rapidly  as  the 
results  could  be  recorded. 

Continuing  the  readings  for  a  complete  curve  back  and  forth 
from  beginning  to  end  several  times  indicated  that  under  proper 
conditions  the  readings  agree  so  well  that  there  was  no  necessity 
for  averaging  observations  for  any  particular  point,  and  a  single 
set  of  observations  for  a  curve  was  as  accurate  as  desired.  It 
will  be  noted  that  in  the  observations  given  below  the  ammeter 
readings  are  equally  spaced.  This  was  convenient,  since  the 
variable  tuning  condenser  could  be  easily  adjusted  to  bring  the 
ammeter  needle  to  a  division  line  on  which  it  could  be  read  more 
accurately  than  its  position  estimated  in  the  uncalibrated  space 
between.  This  removed  any  necessity  for  estimating  divisions 
of  the  scale  on  the  ammeter  and  contributed  to  accuracy. 

The  speed  of  the  generator  was  determined  by  two  methods: 
first,  by  observations  with  a  tachometer  upon  a  subsidiary  shaft 
with  a  known  ratio  of  rotation  to  that  of  the  rotor,  and, 
second,  by  readings  from  a  wave  meter  accurately  calibrated 
by  reference  to  the  standards  of  inductance  and  capacity  of  the 
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Bureau    of    Standards.     The    agreement    between    these   was 
within  the  limits  of  error  of  observation. 

'Coefficient  of  Coupling 

Since  it  was  the  desire  to  study  the  properties  of  the  line 
itself  independent  of  any  reactions  from  the  local  oscillatory 
circuit  of  the  dynamo,  loose  coupling  was  invariably  employed 
between  these  two  circuits. 

In  taking  the  observations  the  coefficient  of  coupling  as  de- 
defined  by  the  expression 


VLjL, 


was  made  small  by  using  a  considerable  separation  between  the 
primary  and  the  secondary  coils  of  the  oscillation  transformer, 


1 J 

J  1 


■^ 


Fig.  9 

and  there  is  no  indication  in  the  curves  taken  of  reactive  effects 
of  one  circuit  upon  the  other. 

Stiffness  Function,  -^ 

Since  resonance  may  be  obtained  in  an  oscillatory  circuit  by 
an  infinite  number  of  combinations  of  L  and  C  fulfilling  the 
condition 

r  1 


Cu) 


or  more  generally  for  series  circuits  containing  series  coils  and 
condensers 

w       C 

it  is  possible  to  select  any  suitable  value  of  either  of  these 
quantities  and  tune  by  varying  the  other.     In  making  these  ob- 
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servations  the  tuning  inductance  was  kept  constant  and  the 
capacity  element  varied. 

The  stiffness  function  ^  was  not  kept  constant  for  the  dif- 
ferent frequencies  at  which  the  resonance  curves  were  taken, 
but  its  value  for  each  set  of  observations  is  given. 

A  convenient  range  of  variable  inductances  and  capacities, 
calibrated  in  absolute  values,  was  available,  and  the  designs  of 
these  were  such  as  are  commonly  known  in  wireless  telegraph 
practice  as  variometers  and  variable'  air  condensers. 

Hot  wire  ammeters  were  placed  in  both  the  primary  and  the 
secondary  circuits,  the  one  in  the  primary  being  used  merely  to 
indicate  the  constancy  of  the  speed  of  the  dynamo,  for  which 
purpose  this  circuit  was  adjusted  to  the  steepest  part  of  its 
resonance  curve,  at  which  point  the  ammeter  reading  is  very 
sensitive  to  change  in  speed. 

The  typical  circuit  for  obtaining  this  series  of  resonance 
curves  is  shown  diagrammatically  in  Fig.  9.  The  value  of  the 
primary  current  was  controlled  by  the  tuning  inductance  L'; 
the  capacity  C  being  constant. 

Resonance  Curves  at  n  =  93,800,  X  =  3200  Meters 

CASE    1.      LINE   OPEN  AT   RECEIVING  END 

In  Table  I  are  given  the  observations  for  the  resonance  curves 
shown  in  Fig.  10. 

The  inductance  L  was  constant  and  equal  to  0.400  nwllihenry, 
and  the  first  column  gives  the  values  of  the  condenser  C  for  the 
corresponding  values  of  the  line  ciurent  in  milliamperes,  shown 
in  the  last  column  of  the  table. 

The  construction  of  the  ctuve  is  derived  as  follows: 

For  a  simple  series  circuit  at  resonance 


\  =  —  ^2irvVLC  (1) 

n 

in  which  X  is  the  wave  length,  in  cm.,  v  is  the  velocity  of  light 
=  3X10*®  cm.  per  second,  n=s  frequency  in  complete  cycles  per 
second;  L  is  the  sum  of  the  inductances  in  the  circuit  in  cm.  and 
C  is  the  total  capacity  in  absolute  electromagnetic  units. 

At  resonance,  the  value  of  n,  and  consequently  the  value  of  X 
is  known,  and  is  obtained  from  the  frequency  of  the  dynamo. 
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The  value  of  the  tuning  condenser  for  the  above  conditions  of 
resonance  is  known,  and  from  this  must  first  be  determined 
its  capacity  reactance  at  this  frequency.  From  the  table  it  is 
seen  that  for  resonance  the  capacity  was  equal  to  0.00436  micro- 
farad and  the  capacity  reactance  of  this  condenser  at  a  frequency 
of  93,800  is  equal  to 

1 

==389  ohms 


Ceo 

or  admittance  =  2.67  XlO-»  mho. 

Prom  the  table  it  is  seen  that  the  tuning  inductance  is  equal 
to  0.400  millihenry,  and  its  inductance  reactance  at  this  frequency 
is  equal  to 

Lw«236  ohms 

or  admittance  =  4.24X10"*  mho. 

It  appears,  therefore,  that  of  the  tuning  elements,  the  reac« 
tance  of  the  condenser  is  greater  by  153  ohms  than  that  of  the 
coil,  from  which  it  may  be  concluded  that  the  line  reactance  at 
this  frequency  is  of  the  nature  of  an  inductance  instead  of  a 
capacity,  since  at  resonance  the  geometric  sum  of  the  reactances 
of  the  circuit  is  zero. 

Here  then  is  the  necessary  data  to  evaluate  this  equivalent  in- 
ductance of  the  line  at  this  frequency. 

In  equation  (1)  all  the  quantities  are  known  except  that 
part  of  L  represented  by  the  line,  since  the  total  inductance  of 
the  circuit  is  eqtial  to  the  arithmetical  siun  of  its  parts,  provided 
there  is  no  mutual  induction  between  any  of  these  parts,  which 
condition  obtained  in  this  case. 

From  equation  (1): 


—  -^2  7rvV{L+V)C  (2) 

n 


■in  which  L'  is  the  qixantity  to  be  determined.    From  which 
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Substituting  the  known  values  in  (3) 

L'  =  260,000  cm. 
=  0.260  millihenry. 


TABLE  I 
OBSERVATIONS  FOR  RESONANCE   CURVES  AT  TRANSMITTING   END  OP 
TELEPHONE  CABLE  LINE.  RECEIVING  END  OPEN 
Prequency  of  generator  constant  at  93,800  complete  cycles  per  second 


Capacity  in 

microfarads 

in  series  with 

inductance  at 

transmitting  end 


Inductance  in 

millihenrys  in 

series  with 

capacity  at 

transmitting  end 


Equivalent 
inductance 
of  the  line  in 
millihemirs 
computed 


Pre-  Line 

Wave    I     quency         current 

length         of  the  ,         in 

in       '       Une  |      miUi- 

circuit  I    amperes 


in 
,  meters 


0.00183         0.400          

2070 

145.000 

50 

O. 00210 

2220 

136.000 

60   : 

O. 00230 

2320 

129,000 

70 

0.00248    ; 

2410 

124.000 

80 

0.00260 

2470 

121,000  1 

90 

0.00266 

,  2600 

120,000 

100 

0.00280 

'  2570 

117,000  1 

110 

0.00288 

;  2600 

116.000 

120 

0. 00301 

2660 

113,000 

130 

0.00312 

•                 — 

2710 

111,000 

140 

0.00321 

2760 

109.000 

160   > 

0.00329 

2780 

108.000 

160    : 

0.00339 

•                 — 

2820 

106,000 

170   ! 

0.00361 

2870 

105.000 

180 

0.00363 

292C 

103.000 

190 

0.00373 

2960 

101,000 

200 

0.00391    j 

3030 

99.000 

210 

0.00436 

0.260 

1  3200 

,   93.800  , 

216 

0.00464 

,  3300 

90.900 

200 

0.00511 

.3470 

86.500 

190 

0.00643 

3670 

84,000 

180 

0.00671 

3660 

82.000 

170 

0.00629 

3860 

77,900 

160 

0.00668 

3960 

76,800  ; 

160 

0.00713 

4100 

73.200 

140 

0.00768 

4260 

70.600 

130 

O.0G863 

4600 

66.700 

120 

0.00914 

4630 

64,800 

110 

0.01066 

5060 

59,400 

100 

0.01336    !       ' 

i 

6600 

1 

53.600  ' 

1 

82 

For  tuning  elements  at  resonance: 

X, 

-•  -0.917X10^  for  practical  uniU. 

-0.917X10^  for  absolute  electromagnetic  units. 

It  was  desirable  to  measure  the  value  of  the  effective  voltage 
being  impressed  upon  the  line  itself  at  the  transmitting  end,  but 
no  electrostatic  voltmeter  is  available  which  will  read  directly 
small  values  for  alternating  electromotive  forces. 
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The  lowest  reading  of  the  electrostatic  voltmeter  available 
was  40,  and  this  instrument  when  placed  directly  across  the  line 
gave  no  perceptible  reading.  It  is  possible,  however,  to  estimate 
closely  the  voltage  used,  for  since  the  ohmic  resistance  of  the 
secondary  coil  in  the  line  circuit  was  only  a  fraction  of  an  ohm, 
the  impedance  of  the  coil  at  this  frequency  can  be  taken  as  prac- 
tically 180°  from  that  of  the  condenser  without  sensible  error. 
The  voltage  drop  across  the  coil  at  resonance  is  equal  to 

L  w  7=236X0.215  =  50.7  volts. 

The  voltage  drop  across  the  condenser  is  equal  to 

/-  =  389X0.215  =  83.6  volts. 

C  CO 

Therefore,  the  voltage  being  impressed  upon  the  line  at  resonance 
is 

83.6  —  50.7  =  33  volts  approximately. 

To  determine  other  points  of  the  resonance  curve,  there  are 
these  relations  between  the  solution  at  resonance  and  any  other 
solution  at  dissonance. 


Xi=-^^  =  2  7ri;  VLiCi 
til 


n,       VL  C 


\~LC' 

Since  L  =  L\  throughout  a  set  of  observations 

IC        k 

where  k  =  n  \/C = constant  and  Ci  is  the  observed  value  given 
in  column  one  of  Table  1. 
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Having  determined  in  this  manner  the  value  of  the  fre- 
quencies for  each  of  the  points  of  dissonance  given  in  the  table, 
the  corresponding  wave-lengths  in  meters  in  the  fourth  column 
were  derived. 

The  graphs  of  these  curvies  are  shown  in  Fig.  10. 

It  is  observed  that  the  line  current-frequency  curve  is  not  sym- 
metrical, but  is  steeper  on  the  side  of  the  higher  frequencies. 

The  line  current-wave  length  curve  is  steeper  on  the  side  of 
the  shorter  wave-length; 


WAVE  LENGTH,  METERS  sX 

looo     aooo    woo    iiaut     w»\ 


WAVE  LENGTH.  METERS  sX 

two    WOO    fW9     WW    W 


40000    00000    aOUOO  lOOUOO  ISOOOO  140000  100000 

FREQUENCY,  CYCLES  PER  SEC. sli 

Fig.  10. — Resonance  curves  at 
transmitting  end,  telephone 
cable  line,  receiving  ena  open 
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FREQUENCY,  CYCLES  PER  SEC  sn 

Fig.  11. — Resonance  curves  at 
transmitting  end,  telephone 
cable  line,  receiving  end 
short-circuited.  Dynamo  fre- 
quency constant  at  95,200 
cycles  per  second 


CASE   2.      LINE   SHORT-CIRCUITED  AT    RECEIVING   END 

Wiih  the  dynamo  frequency  constant  at  95,200  a  similar  set 
of  observations  was  taken  for  the  case  of  the  receiving  end  of  the 
line  short-circuited,  and  these  observations  are  exhibited  in 
Table  II. 

The  graphs  for  the  line  current-frequency  and  line  current- 
wave  length  are  shown  in  Fig.  11. 

Resonance  Curves  at  n  =  73,000  X  =  4110  Meters 

CASE    1.      LINE   open   AT   RECEIVING   END 

In  Table  III  are  given  the  observations  for  the  two  curves 
shown  in  Fig.  12. 
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Fig.  12. — Resonance  curves  at 
transmitting  end,  telephone 
cable  line,  receiving  end  open. 
Dynamo  frequency  constant 
at  73,000  cycles  per  second 
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Fig.  13. — Resonance  curves  at 
transmitting  end,  telephone 
cable  line,  receiving  end 
closed.  Dynamo  frequency 
constant  at  73,000  cycles 
per  second 
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Fig.  14. — Resonance  curves  at 
transmitting  end,  telephone 
cable  line,  receiving  end 
open.  Dynamo  frequency 
constant  at  53,000  cycles 
per  second. 


Fig.  15. — Resonance  curves  at 
transmitting  end,  telephone 
cable  line,  receiving  end 
short-circuited.  Dynamo 

freouency  constant  at  53,000 
cycles  per  second. 
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CASE    2.      LINE    SHORT-CIRCUITED    AT    RECEIVING    END 

In  Table  IV  are  given  the  observations  for  the  two  resonance 
curves  shown  in  Fig.    13. 

TABLE  II 
OBSERVATIONS  FOR  RESONANCE  CURVES  AT  TRANSMITTING  END  OP 
TELEPHONE  CABLE  LINE,  RECEIVING  END  SHORT-CIRCUITED 
Frequency  of  generator  constant  at  95,200  complete  cycles  per  second 


Capacity  in 

microfarads 

in  aeries  with 

inductance  at 

transmitting  end 


Inductance  in 

miUihenrys  in 

series  with 

capacity  at 

transmitting  end 


Equivalent 
inductance 
of  the  line  in 
millihehrys 
computed 


Wave 
length 

in 
meters 


Fre- 
quency 
of  the 

line 
circuit 


Line 

current 

in 

milli- 
amperes 


0.00171 
0.00195 
0.00217 
0.00238 
0.00246 
0.00258 
0.00267 
0.00279 
0.00287 
0.00297 
0.00310 
0.00322 
0.00333 
0.00342 
0.00356 


0.400 


2060 
2200 
2320 
2430 
2470 
2530 
2570 
2630 
2670 
2710 
2770 
2830 
2870 
2910 
2970 


146.000 
130.000 
129,000 
123.000 
121,000 
119,000 
117.000 
114.000 
112.000 
111.000 
108.000 
106.000 
105,000 
103.000 
101.000 


60 

60 

70 

80 

90 

100 

110 

120 

130 

140 

160 

160 

170 

180 

190 


0.00400 


0.296 


3160 


96.200 


196 


0.00432 
0.00457 
0.00485 
0.00510 
0.00534 
0.00581 
0.00626 
0.00718 
0.00784 
0.00950 
0.01085 


3270 
3370 
3470 
3560 
3640 
3800 
3940 
4220 
4410 
4850 
5190  I 


I 


91.700  I 
89.000 
86.600 
84,300  I 
82,400  I 
78.900  , 
76.100  I 
71.100  i 
68.000 
61.900 
57.800  I 


190 
180 
170 
160 
150 
140 
130 
120 
110 
100 
94 


Por  tuning  elements  at  resonance: 
—  - 1.0X10*  for  practical  units. 

»■  1.0X10^  for  absolute  electromagnetic  units. 

RESONANCE  Curves  at  n  =  53,000,  X  =  5660  Meters 

CASE    1.      LINE   OPEN  AT    RECEIVING   END 

In  Table  V  are  given  the  observations  for  the  two  curves 
shown  in  Fig.  14. 
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TABLE  III 
OBSERVATIONS  FOR  RESONANCE  CURVES  AT  TRANSMITTING  END  OP 
TELEPHONE  CABLE  LINE.  RECEIVING  END  OPEN 
Frequency  of  generator  constant  at  73,000  complete  cycles  per  second 


Capacity  in 

microfarads 

in  series  with 

inductance  at 

transmitting  end 

Inductance  in 

miUihenrys  in 

series  with 

capacity  at 

transmitting  end 

Equivalent 
inductance 
of  the  line  in 
miUihenrys 
computed 

Wave 

length 

in 
meters 

Fre- 
quency 
of  the 

line 
circuit 

Line 

current 

in 

milli- 
amperes 

0.00147 

0.818 

2210 

136.000 

20 

0.00208 

2630 

114.000 

30 

0.00236 

1 

2800 

107.000 

40 

0.00268 

2990 

100.000 

50 

0.00289 

3100 

96.800 

60 

0.00309 

3210 

93.500 

70 

0.00324 

3290 

91.200 

80      , 

0.00343 

3380 

88.800 

90      i 

0.00357 

3460 

87.000 

100 

0.00367 

3500 

85.700 

110 

0.00379 

3560 

84.300 

120 

0.00387 

3590 

83.600 

130 

0.00398 

3640 

82.400 

140      ; 

0.00407 

3680 

81.500 

150      ; 

0.00416 

3730 

80.400 

160      1 

0.00423 

3760 

79300 

170 

0.00435 

3810 

78.700 

180 

0.00444 

3850 

77.900 

190 

0.00455 

3890 

77.100 

200 

0.00464 

3930 

76.300 

210 

0.00478 

3990 

75.200 

220 

0.00606 

' 

0.121 

4110 

73.000 

227 

0.00527 

4190 

71.600 

220 

0.00547 

4270 

70.300 

210 

0.00563 

4330 

69.300 

200 

0.00577 

4390 

68.300 

190 

0.00594 

4450 

67.400 

180 

0.00611 

4510 

66.500 

170 

0.00629 

4580 

65.500 

160 

0.00651 

4660 

64.400 

150 

0.00675 

. 

4740 

63.300 

140 

0.00707 

4850 

61.900 

130 

0.00741 

4970 

60.400 

120 

0.00789 

5130 

58.500 

110 

0.00858 

5350 

56.100 

too 

0.00950 

5630 

53.300 

90 

0.01105 

6070 

49.400 

80 

0.01346 

6700 

44.800 

70 

0.01905 

m 

7970 

37.600 

60 

For  tuning  elements  at  resonance: 
-7-1.62X10^  for  practical  un^ts. 

« 1.62X10"  for  absolute  electromagnetic  units. 
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CASE   2.      LINE   SHORT-CIRCUITED  AT   RECEIVING   END 

In  Table  VI  are  given  the  observations  for  the  two  resonance 
curves  shown  in  Fig.  15. 

Resonance  Curves  at  w= 38,500  X  =  7790  Meters 

CASE    1.      LINE   OPEN  AT   RECEIVING  END 

In  Table  VII  are  given  the  observations  for  the  two  curves 
shown  in  Fig.  16. 


WAVE  LENGTH,  METEM=X 

10000     12000     1«000    ItOOO    18000 


WAVE  LENGTH,  METEM  sX 
4D00     WOO      8000      10000     MOOO    IWO   16000 


I       10000     90000     80O0O 

FREQUENCY,  CYCLES  PER  8EC.=  n 

Fig.  16.^-Resonance  curves  at 
transmitting  end,  telephone 
cable  line,  receiving  end 
open.  Dynamo  frequency 
constant  at  38,000  cycles 
per  second. 


IflOOO 
FREQUENCY,  CYCLES  PER  SCCsn 

Fig.  17. — Resonance  curves  at 
transmitting  end,  telephone 
cable  line,  receiving  end 
closed.  Dynamo  frequency 
constant  at  38,000  cycles  per 
second 


CASE   2.      LINE   SHORT-CIRCUITED   AT   RECEIVING   END 

In  Table  VIII  are  given  the  observations  for  the  two  resonance 
curves  shown  in  Fig.  17. 

Selectivity  Curves 
The  series  of  resonance  curves  given  above  are  the  usual 
types  constructed  in  the  study  of  wireless  antennae,  but  in  order 
to  interpret  them  from  an  engineering  point  of  view,  it  is  more 
valuable  to  plot  them  as  selectivity  curves,  in  which  the  line 
current  is  plotted  as  a  function  of  the  frequency. 


Digitized  by  VjOOQIC 


1662 


SQUIER:  MULTIPLEX  TELEPHONY 


[June  38 


TABLP  IV 

OBSERVATIONS  FOR  RESONANCE  CURVES  AT  TRANSMITTING  END  OF 

TELEPHONE  CABLE  LINE.  RECEIVING  END  SHORT-CIRCUITED 

Frequency  of  generator  constant  at  73.000  complete  cycles  per  second 


I      Capacity  in 
microfarads 
in  series  with 
,    inductance  at 
.  transmitting  end 


Inductance  in 

milUhenrys  in 

series  with 

capacity  at 

transmitting  end 


Equivalent 
inductance 

i 

Fre- 

Line 

Wave 

quency 

current 

of  the  line  in 

length 

of  the 

in 

in 

line 

milli- 

computed 

meters 

circuit 

amperes 

1         0.00144                      0.818           '             

2230 

134.000 

20 

0.00197 

2600 

116.000 

30 

0.00227 

2790 

108.000 

40 

0.00263 

•                           

2960 

102.000 

50 

0.00281 

3110 

96.600 

60 

0.00298 

3200 

93.800 

70 

0.00315 

3290 

91.200 

80 

0.00332 

3380 

88.800 

90 

0.00345 

3450 

87.000 

100 

0.00358 

1     3510 

86.600 

.  110 

0.00369 

3560 

84.300 

120 

0.00376     . 

3600 

83.300 

130 

0.00387 
0.00396 

3650 
3690 

82.200 
81.300 

140 

»                           

150 

0.00404 

3730 

80.400 

160 

1         O.0O415 

3780 

79.400 

170 

1        0.00425 

■               i             

3820 

78,600 

180 

0.00430 

3850 

77.900 

190 

0.00439 

3890 

77.100 

200 

0.00452 

3940 

76.100 

210 

0.00464 

4000 

75.000 

220 

!         0.00491 

0.160 

4110 

73.000 

227 

I        0.00515 

4210 

71.300 

220 

0.00533 

4280 

70.100 

210 

'        0.00551 

4350 

69.000 

200 

0.00566 

4410 

68.000 

190 

0.00585 

4490 

66.800 

180 

0.00600 

4640 

66,100 

170 

1        0.00620 

4620 

64.900 

160 

1        0.00640          ! 

4690 

64.000 

150 

1         0.00666 

4790 

62.600 

140 

0.00697 

4900 

61.200 

130 

1         0.00731 

6020 

59.800 

120 

!         0.00776 

6160 

68.100 

110 

0.00848 

6400 

66.600 

100 

0.00940          i 

'                            

6690 

62.700 

90 

0.01087          ; 

'                            

6120 

49.000 

80 

0.01332 

'                            

6770 

44.300 

70 

0.01905 

•                            

8100 

37.000 

60 

For  tuning  elements  at  resonance - 
—  -1.67X10*  for  practical  units. 

« 1.07X10^  for  absolute  electromagnetic  units. 
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In  order  to  be  able  to  read  directly  the  percentage  drop  in 
current  from  the  value  at  resonance  taken  as  unity,  for  any  given 
percentage  departure  from  the  frequency  at  resonance,  also 
taken  as  unity,  it  is  necessary  only  to  plot  ordinates  in  terms 

'        '  '  '    /  is  any  particular   value   of   the   current 


of— y    ,  in  which 

corresponding  to  the  frequency  ni,  and  Ir  is    the 

the  current  at    resonance;    and    abscissas  in    terms 


value    of 
n 


-1^ 


IMP 

ntMiD 

sa.0. 

PlltQUI 
90  CYOl 

INOV  eOlWTANT  AT 

nmaw. 

j 

I 

j 

1 

J 

' 

/ 

y 

\ 

Of 

CREAS 

Na4- 

-»INC 

IEA8IN 

1 

in  which  ni  is  the  frequency  of  the  line  circuit  at  any  point  of 
dissonance,  and  n  is  the  frequency  at  resonance. 

As  an  example,  in  the  case  of 
»  =  53,000,  Table  IX  has  been 
computed.  The  graph  of  this 
curve  is  shown  in  Fig.  18. 

It  appears  from  the  inspec- 
tion of  this  curve  that  it  is  not 
symmetrical  with  respect  to  the 
ordinate  corresponding  to  reson- 
ance. The  slope  of  the  curve 
is  steeper  for  increasing  fre- 
quencies than  for  decreasing 
frequencies.  It  is  possible  to 
read  off  directly  from  this  curve 
the  percentage  change  in  the  line 
current  from  resonance  for  any 
given  percentage  change  in 
frequency  from  resonance.  For 
instance,  it  is  seen  that  for 
10  p>er  cent  decrease  in  the 
frequency  of  the  line  circuit,  the 
current  has  fallen  to  79  per  cent 
of  its  value  at  resonance,  and 
at  30  per  cent  decrease  in  fre- 
quency of  the  line  circuit,  the  current  has  fallen  to  44  per  cent 
of  its  value  at  resonance,  whereas  at  30  per  cent  increase  in 
frequency  of  the  line  circuit  the  current  has  fallen  to  34  per 
cent  of  its  value  at  resonance,  which  is  considerably  lower;  in 
other  words,  the  line  current  is  more  sensitive  to  changes  on  the 
side  of  increasing  frequencies  than  on  the  side  of  decreasing  fre- 
quencies in  the  case  of  impressed  constant  frequency  of  the 
dynamo  of  53,000  cycles  per  second. 


1.00      1.S0 
RATIO  OF  FREQUENCIES : 


1.40 


/r^Line  current  at  reaonance 

/  "Line  current 

n  >  Frequency  at  resonance 
Hi  a>  Frequency  of  line  circuit  tuned   to 
given  dissonance 

Fig.  18. — Selectivity  curve  of 
telephone  cable  line,  receiv- 
ing end  short-circnited 
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The  current  is  seen  to  be  reduced  to  one-half  its  value  at  reson- 
ance for  a  24  per  cent  reduction  in  frequency,  and  to  the  same 
amount  for  20  per  cent  increase  of  frequency. 

A  curve  of  this  kind  makes  it  possible  to  predict  that  terminal 
apparatus  could  be  inserted  in  this  line  at  the  receiving  end, 
provided  it  was  in  the  nature  of  ohmic  resistance,  and  that 


TABLE  V 

OBSERVATIONS  FOR  RESONANCE  CURVES  AT  TRANSMITTING  END  OP 

TELEPHONE  CABLE  LINE.  RECEIVING  END  OPEN 

Frequency  of  generator  oonatant  at  63,000  complete  cydet  per  second 


Capacity  in      i     Inductance  in            Equivalent 

microfarads           millihenrys  in              capacity 

in  series  with    ;       series  with       '     of  the  Une  in 

inductance  at    |      capacity  at       ,      microfarads 

transmitting  end  <  transmitting  end          computed 

Wave 

leiigth 

in 
meters 

Pre- 
quency 
of.  the 

Ime 
circuit 

Line 

in 

milli- 

amperes 

0.00462          '             1.036                       

4040 

74,300 

50 

0.00404                           ■                           

4220 

71,100 

60 

0.00642                           •                           

4420 

67,900 

70 

0.00670                           -                           

4630 

66.200 

80 

0.00600                           ■                           

4640 

64.700 

00 

0.00624 

1 

4730 

63,400 

100 

0.00672 

a                      1 

4910 

61,100 

110 

0.00700 

6000 

60.000 

120 

0.00723 

6060 

59.100 

130 

0.00747 

1                   

6160 

58.100 

140 

0.00777         1                ■                          

6260 

57.000 

150 

0.00816         I                ■                          

5390 

56.700 

160 

0.00902 

'             0.261 

1 

5660 

53.000 

170 

0.00988 

5910 

60.800 

160 

0.01036 

6050 

49.600 

160 

0.01086 

6190 

48.500 

140 

0.01116 

6260 

47,900 

130 

0.01172 

6420 

46.700 

120 

0.01232 

6670 

45.700 

110 

0.01356 

6880 

43.600 

100 

I         0.01622                          ■               !             

7260 

41,300 

90 

0.01860 

« 

7980 

37.600 

80 

Por  tuning  elements  at  resonance: 

L  _. 

--« 1.15X10^  for  practical  units. 

« 1.16X10"  for  absolute  electromagnetic  units. 

there  would  be  no  interference  between  several  of  such  instru- 
ments operated  at  different  frequencies,  provided  the  interval 
between  the  frequencies  of  each  of  the  different  receiving  sets 
was  greater  than  44  per  cent,  and  that  each  receiving  apparatus 
was  not  rendered  inoperative  by  the  presence  of  a  stray  current 
of  50  per  cent  of  its  normal  operating  value.     It  should  be  re- 
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membered  that  this  inteq^retation  is  from  conditions  controllable 
at  the  transmitting  end  only,  and  provides  for  no  selective  tuning 
whatever  of  the  apparatus  at  the  receiving  end.  In  other  words 
the  curve  given  shows  the  selectivity  of  the  line  itself. 

TABLE  VI 

OBSERVATIONS  FOR  RESONANCE  CURVES  AT  TRANSMITTING  END  OP 

TELEPHONE  CABLE  LINE,  RECEIVING  END  SHORT-CIRCUITED 

Frequency  of  generator  constant  at  53.000  complete  cycles  per  second 


Capacity  in 

microfarads 

in  series  with 

inductance  at 

transmitting  end 

Inductance  in 

milUhenrys  in 

series  with 

capacity  at 

transmitting  end 

Equivalent 

capacity 

of  the  line  in 

microfarads 

computed 

Wave 
length 

in 
meters 

Fre- 
quency 
of  the 

Une 
circuit 

Line 

current 

in 

milU- 
amperes 

0.00469 
0.00516 
0.00564 
0.00598 
0.00624 
0.00642 
0.00682 
0.00706 
0.00729 
0.00749 
0.00777 
0.00796 
0.00638 

1.036 

4120 
4320 
4510 
4640 
4740 
4800 
4950 
5040 
6110 
5180 
5270 
5330 
5470 

72.800 
69,400 
66.500 
64,700 
63,300 
62.500 
60,600 
59,500 
58,700 
57,000 
56,000 
56.300 
54.800 

50 

60 

70 

80 

90 

100 

110 

120 

130 

140 

160 

160 

170 

0.00900 

0.265 

5660 

53.000 

180 

0.00981 
0.01030 
0.01068 
0.01138 
0.01202 
0.01269 
0.01318 
0.01460 
0.01587 
0.01932 

5000 
6040 
6160 
6340 
6510 
6680 
6800 
7110 
7420 
8140 

50.800 
49.700 
48300 
4730O 
46.100 
44.90Q 
44.100 
42.200 
40.400 
36.000 

170 

160 

•150 

140 

130 

120 

110 

100 

90 

80 

For  tuning  elements  at  resonance: 
—-~1. 15X10^  for  practical  units. 

'"1.15X10^  for  absolute  electromagnetic  units.  ' 

Electrical  Dimensions  of  Tuning  Elements 
For  the  range  of  frequencies  involved  in  these  experiments 
the  values  of  the  standard  variable  air  condensers  and  variom- 
eters which  are  at  present  employed  in  wireless  telegraph 
practice,  could  better  be  made  of  larger  electrical  dimensions  in 
order  to  be  better  adapted  to  the  frequencies  here  considered. 
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TABLE  VII 

OBSERVATIONS  FOR  RESONANCE  CURVES  AT  TRANSMITTING  END  OP 

TELEPHONE  CABLE  LINE.  RECEIVING  END  OPEN 

Frequency  of  generator  constant  at  38,500  complete  cydea  per  second 


Capacity  in 

microfarads 

in  series  with 

inductance  at 

transmitting  end 

Inductance  in 

millihenrys  in 

series  with 

capacity  at 

transmitting  end 

Equivalent 
inductance 
of  the  Une  in 
millihenrys 
computed 

Wave 

length 

in 

meters 

Fre- 
quency 
of  the 

Une 
circuit 

Line 

current 

in 

milli- 
amperes 

1 
0.00216                      0.818 

3540 

84.700 

20 

0.00298 

'               ,             

4160 

72.100 

30 

'         0.00347 

4490 

66.800 

40 

0.00407 

4860 

61.700 

50 

0.00450 

5120 

58.600 

00 

0.00495 

5360 

56.000 

70 

0.00525         1 

5520 

54.300 

80 

0.00551 

5660 

53.000 

90 

0.00589 

5850 

51,300 

100 

j        0.00600 

5900 

50,800 

110 

-        0.00631 

6060 

49.500 

120 

1        0.00655 

6170 

48.600 

130 

0.00681 

629Q 

47.700 

140 

0.00700 

6380 

47.000 

150 

0.00730         ; 

6520 

46.000 

160 

0.00756         1 

6630 

45.200 

170 

0.00780         > 

6740 

44.500 

180. 

0.00809 

6860 

43.700 

190 

0.00834         ' 

6960 

43.100 

200 

0.00877          1 

7140 

42.000 

210 

0.00894         i 

7210 

41,600 

220 

0.00923          ! 

7320 

41.000 

230 

0.01015 

i 

7680 

39.100 

240 

0.01044 

0.818 

7790 

38.500 

241.5 

0.01076 

7910 

37.900 

240 

0.01170 

8250 

36,400 

230 

0.01220 

8420 

35.600 

220 

0.01268          1 

8590 

34.900 

210 

0.01332 

8800 

34,100 

200 

0.01397 

902a 

33,300 

190 

0.01484 

9290 

32.300 

180 

0.01554 

9500  . 

31.600 

170 

0.01687 

9910 

30.300 

160 

0.01844          1 

10400 

28.800 

150 

0.02005          ' 

10600 

27.800 

140 

0.02247 

11400 

26.300 

130 

0.02541 

12200 

24.600 

120 

0.03091 

1 

13400 

22.400 

110 

0.03978          I                -              1            

15200 

19.700 

101.5 

For  tuning  elements  at  resonance: 
—  « 0.784  XIO^  for  practical  units. 

"0.784X10^  for  absolute  electromagnetic  units. 
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TABLE  VIII 

OBSERVATIONS  FOR  RESONANCE   CURVES  AT  TRANSMITTING   END   OP 

TELEPHONE  CABLE  LINE.  RECEIVING  END  SHORT-CIRCUITED 

Frequency  of  generator  constant  at  38,000  complete  cycles  per  second 


Capacity  in 

microfarads 

in  series  with 

inductance  at 

transmitting  end 


Inductance  in 

millihenrys  in 

series  with 

capacity  at 

transmitting  end 


Equivalent 
inductance 
of  the  line  in 
millihenrys 
computed 


Wave 

length 


Fre- 
quency 
of  the 

line 
circuit 


Line 
current 

in 

milli- 

amperes 


0.00217 
0.00291 
0.00337 
0.00384 
0.00428 
0.00507 
0.00491 
0.00516 
0.00539 
0.00559 
0.00581 
0.00697 
0.00601 
0.00630 
0.00649 
0.00661 
0.00679 
0.00694 
0.00714 
0.00733 
0.00758 


0.818 


3990 
4620 
4970 
5300 
5600 
6090 
I  5990 
I  6150 
'  6280 
6400 
6520 
6610 
6630 
6790 
6890 
6960 
7050 
7130 
7230 
7320 
I  7450 


_L 


75.200 
64.900 
60.440 
56,600 
53.600 
49.300 
50,100 
48.800 
47.800 
46.900 
46.000 
45,400 
45,200 
44,200 
43,500 
43.100 
42,600 
42.100 
41.500 
41.000 
40.300 


20 

30 

40 

50 

60 

70 

80 

90 

100 

110 

120 

130 

140 

150 

160 

170 

180 

190 

200 

210 

220 


0.00850 


7890 


38.000 


230 


0.00894 
0.00935 
0.00961 
0.00995 
0.01031 
0.01070 
0.01101 
0.01175 
0.01234 
0.01318 
0.01412 
0.01537 
0.01737 
U. 02033 
0.02530 
0.03978 


8090 
8270 
8380 
8540 


8850 
8980 
9280 
9500 
9820 
10200 
10600 
11300 
12200 
13600 
17100 


For  tuning  elements  at  resonance: 
"7-0.963X10*  for  practical  units. 

-0.963  X 10^  for  absolute  electromagnetic  units. 


37.100 
36,300 
'35.800 
35.100 
34.500 
33.900 
33.400 
32.300 
31.600 
30.500 
29.400 
28.300 
26.500 
24.600 
22.000 
17.500 


220 
210 
200 
19a 
180 
170 
160 
150 
140 
130 
120 
110 
100 
90 
80 
70 
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It  is  noted  from  the  tables  submitted  that  capacities  as  large 
as  hundredths  of  a  microfarad  were  at  times  used,  and  in  order 
to  secure  these  it  was  necessary  to  join  several  of  the  air  con- 
densers of  wireless  telegraph  pattern  in  parallel,  adding  their 
results.  In  like  manner  the  inductances  used  were  as  high  as 
three  millihenrys  in  some  cases.     Fortunately,  capacities  and 


TABLE  IX 

DATA  FOR  SELECTIVITY  CURVE  OP  TELEPHONE  CABLE  LINE.  RECEIVING 

END  SHORT-CIRCUITED 

Prequency  of  generator  constant  at  53.000  complete  cycles  per  second 


/ 

ni 

/ 

*l 

1 

n 

/r 

72.800 

50 

m 

1.374 

0.278 

69.400 

60 

1 

1.310 

0.333 

66.600 

70 

i 

1.266 

0.388 

64.700 

80 

i 

1.221 

0.444 

63,300 

90 

1 

1.194 

0.500 

62.600 

100 

, 

1.180 

0.666 

60.600 

110 

1.144 

0.611 

59.500 

120 

1.123 

0.667 

68.700 

130 

1.108 

0.722 

67.900 

140 

1.092 

0.778 

56.900 

150 

1.074 

0.833 

56.300 

160 

1.062 

0.889 

54,800 

170 

1.034 

0.945 

53.000 

180 

1.000 

1.000 

50.800 

170 

0.968 

0.946 

49.700 

160 

0.938 

0.889 

48.800 

150 

1 

0.921 

0.833 

47,300 

140 

0.892 

0.778 

46.100 

130 

0.870 

0.722 

-       44.900 

120 

0.847 

0.667 

44.100 

110 

0.832 

0.611 

42.200 

100 

0.796 

0.666 

40.400 

90 

0.762 

0.600 

36,900 

80 

1 

0.698 

0.444 

Hi    Frequency  of  line 

circuit  tuned  to 

given  dissonance  with  generator  frequency. 

/       Measured  line  cut 

rent  at  frequenc 

y  «i,  in  mi 

lliami>ere8. 

It      Impressed  frequency  of  generator,  constant  at  53.000  cycles  per  second. 
I^     Maximum  current  in  line  circuit,  tuned  to  resonance  with  generator  frequency,  180 
milliamperes. 

inductances  can  be  easily  constructed  which  at  the  same  time 
preserve  the  continuously  variable  feature  necessary  for  tuning 
purposes,  and  may  have  also  compact  physical  dimensions;  in 
fact  in  suitable  designs  for  these  frequencies  these  tuning  ele- 
ments may  be  even  smaller  and  more  compact  than  they  now 
are  for  wireless  telegraph  practice.     This  is  for  the  reason  that 
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in  the  case  of  electric  waves  impressed  upon  wires  there  are 
no  high  voltages  such  as  are  required  in  apparatus  using  an 
antenna.  Ftirthermore,  by  properly  designing  inductances  in 
accordance  with  the  fundamental  formulas  laid  down  by  Maxwell, 
it  is  evident  that  variometers  suitable  for  this  range  of  frequen- 
cies impressed  upon  wire  circuits  may  be  made  extremely  small 
and  compact. 

It  should  be  noted  that  throughout  these  experiments  not  a 
single  piece  of  new  apparatus  was  designed  or  constructed,  but 
the  conventional  apparatus  as  now  employed  in  wireless  tele- 
graph engineering  was  adopted  as  a  whole,  although,  as  stated 
above,  this  apparatus  could  be  very  materially  improved  in  the 
line  of  compactness  of  design  for  this  range  of  frequencies. 

Since  no  cases  of  high  voltage  were  required  at  the  transmitting 
end  of  the  line,  the  same  form  of  apparatus  was  used  inter- 
changeably for  transmitting  and  receiving,  whereas  in  wireless 
practice  the  transmitting  antennae  coils  and  condensers  arc  very 
large  in  comparison  with  those  used  for  receiving. 


Transmitting  Impedance  at  Resonance  by  the  Ammeter- 
Voltmeter  Method 
To  determine  the  general  character  of  the  effective  impedance 
of  this  line  as  the  frequency  is  changed,  measurements  were 
made  of  the  transmitting  current  and  voltage  as  the  frequency 
was  varied  from  about  23,000  to  90,000  cycles  per  second.  The 
circuit  is  shown  in  Fig.  19  and  the  data  obtained  is  given  in 
Table  X  which  is  shown  graphically  in  Fig.  20.  In  taking  these 
measurements,  loose  coupling  was  used  and  the  tuning  elements 
adjusted  to  resonance  in  each  case.  The  voltmeter  used  was  of 
the  hot  wire  type  of  comparatively  high  resistance,  and  the 
ammeter  was  of  the  hot  wire  type  of  low  resistance.     At  reson- 

F  F 

ance  -f =y  or  -^=-7-  where  E  and  /  are  the  measurements 

given  above,  from  which  Z  in  columns  4  and  7  Table  X  has  been 
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derived.  The  curves  Fig.  20  indicate  a  minimum  effective  im- 
pedance of  about  87  ohms  at  a  frequency  of  about  59,000,  the 
curves  being  neariy  symmetrical  on  either  side  of  this  frequency. 
Attempts  were  made  to  make  similar  measurements  for  the  line 
conductively  connected  to  the  generator  instead  of  inductively 
connected  as  above  and  working  to  constant  voltage  at  different 
frequencies.  In  such  cases  the  reaction  between  the  resonant  cir- 
cuit of  the  line  and  the  conductively  connected  circuit  of  the  gen- 
erator armature,  was  so  marked  and  so  sensitive  to  variation  of 
frequency  at  resonance  that  it  was  found  extremely  difficult  to 
make  consistent  measurements  under  these  conditions.  The 
marked  superiority  of  loose  inductive  coupling  between  the  line 
circuit  and  the  generator  enabled  a  study  to  be  made  of  the 


TABLE  X 
DATA  FOR  TRANSMITTING  END  IMPEDANCE    AT  RESONANCE  OP  TELE- 
PHONE CABLE  LINE,  RECEIVING  END  OPEN  AND  SHORT  CIRCUITED. 
AT  DIFFERENT  FREQUENCIES 


Cycles 

Line  open 

Line  short-circuited 

per 

second 

Volts 

Ohms 

Volts         Amperes   ;      Ohms 

23,000 

22.2 

0.108 

206 

22.6             0.106            213 

35,000 

16.1 

0.112 

144 

16.2             0.116            140 

47,000 

16.0 

0.154 

104 

16.0             0.163            106 

63,000 

16.8 

0.178 

89 

15.8             0.180             88 

76.000 

16.3 

0.148 

110 

16.2             0.148            109 

90,000 

23.8 

0,138 

172 

23.5       .       0.138            170 

line  circuit  per  se  without  involving  any  reactive  influence  from 
the  generator  source. 

It  is  noteworthy  that  with  this  cable  line  it  was  not  possible 
to  detect  with  certainty  the  reactive  influence  of  opening  or 
closing  the  distant  end  of  the  line  upon  the  transmitting  volt- 
meter and  ammeter  readings,  and,  as  noted  above,  the  resonant 
curves  at  the  transmitting  end  are  practically  the  same  for  the 
distant  end  open  or  closed. 

The  presence  in  this  line  of  two  pairs  of  inductive  heat  coils 
at  fixed  points  undoubtedly  is  sufficient  to  cause  at  least  partial 
reflections  of  the  waves  being  propagated  along  the  line.  These 
heat  coils,  as  stated  above,  each  had  a  measured  inductance 
of  4400  cms.  at  70,000  cycles. 
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Resonance  Curve  at  Receiving  End 
In  the  series  of  resonance  curves,  which  has  already  been  given, 
the  observations  were  taken  at  the  transmitting  end  of  the  cable 
line  and  no  attempt  at  tuning  was  made  at  the  receiving  end  of 
the  line,  it  being  the  object  to  study  first  the  line  per  se  without 
terminal  apparatus.  The  effects,  however,  of  introducing  tuning 
elements  across  the  line  at  the  receiving  end  are  strikingly  shown 
in  Fig.  21,  the  data  for  which  is  given  in  Table  XL  In  taking 
these  observations  a  frequency  of  40,000  was  selected  as  fairly 
representative. 

At  the  transmitting  end  of  the  line  the  current  and  frequency 
were  kept  constant  throughout,  and  at  the  receiving  end  of  the 
^^^^^^  line  only  the  capacity  element 

of  the  tuning  apparatus  was 
varied,  which  caused  a  rise  and 
fall  of  the  received  current,  as 
shown  in  Fig.  21. 
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Fig.  20. — Impedance-frequency 
curve    at    resonance,    trans- 
mitting    end     of     telephone 
cable  line 


.001        .006        .010        .014       .Ott 
CAPACITY  OF  RECEMNO  CONDENSER 


Fig.  21. — Resonance  curve  at 
receiving  end  of  telephone 
cable  line.  Transmitting 
current  constant  at  200  milli- 
amperes  and  at  40,000  cycles 


The  inductance  element  of  the  tuning  apparatus  at  the  re- 
ceiving end  was  kept  constant  throughout  the  experiment,  so 
that  the  variables  which  are  plotted  in  this  curve  are  the  actual 
observations  taken  and  therefore  represent  exact  conditions 
with  no  supposition  as  to  derived  results.  It  is  noted  that  the 
magnitude  of  received  current  in  this  case  can  be  easily  multiplied 
nearly  three  times  by  simply  adjusting  the  variable  condenser 
at  the  receiving  end,  in  a  receiver  arrangement  selected  at 
random. 
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Attenuation  Curve 
To  determine  quantitatively  the  influence  of  variation  of  fre- 
quency upon  the  attenuation  of  the  current  transmitted  over 
this  telephone  line,  the  data  given  in  Table  XII  were  obtained, 
the  ctirve  for  which  is  shown  in  Fig.  22. 

In  this  experiment  the  transmitting  current  was  kept  constant 
at  240  milliamperes,  the  only  thing  varied  being  the  frequency 
of  the  alternator. 

At  the  receiving  end  the  telephone  line  was  short-circuited 
through  a  Duddell  thermo-ammeter,  which  is  practically  non- 
inductive  with  a  resistance  of  171  ohms.     The  frequency  was 
varied  between  30,000  and  90,000  cycles  per  second,  and  ob- 
servations were  taken  at  intervals 

a*-wjr — I 1 1 1 1 1      of  10,000  cycles  per  second.     The 

i      \  curve  shows  very  strikingly  the  at- 

tenuation of  the  transmitted  cur- 
rent as  the  frequency  is  increased. 
The  values  of  the  received  current 
at  80,000  and  90,000,  being  about 
as  small  as  could  be  read  on  the 
particular  ammeter  used,  are  not 
as  accurate  as  the  other  readings, 

phone  cable    line, 


FREQUENCY  =n 


Fig. 


short-cir- 
cuited though.  Duddell  ther- 
mo-ammeter of  171  ohms, 
transmitting  current  constant 
at  240  milliamperes 


part  of  the  curve. 

Summary 
Radio-telegraphy  has  no  compet- 
itor as  a  means  of  transmitting 
intelligence  between  ships  at  sea  and  between  ships  and  shore 
stations,  and  on  land  it  is  also  unique  in  its  usefulness  in 
reaching  isolated  districts  and  otherwise  inaccessible  points. 
To  what  extent  it  may  be  also  developed  to  furnish  practical 
intercommunication  according  to  the  high  standard  now 
enjoyed  in  thickly  populated  districts,  it  is  not  attempted 
to  predict. 

The  foregoing  experiments  indicate  that  either  the  existing 
wire  system,  or  additional  wires  for  the  purpose  may  be  utilized 
for  the  efficient  transmission  of  telephonic  and  telegraphic 
messages,  and  the  former  without  interfering  with  the  existing 
telephone  traffic  on  these  wires. 

The  fact  that  each  of  the  circuits  created  by  the  use  of  super- 
imposed high-frequency  methods  is  both  a  telephone   and   a 
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telegraph  circuit  interchangeably,  makes  it  possible  to  offer  to 
the  public  a  new  type  of  service,  which  it  is  believed,  will  offer 
many  advantages  to  the  commercial  world.     This  type  of  circuit 


TABLB  XI 

RBSONANCB  CURVB  AT  RBCBIVING  BND  OP  TBLBPHONB  CABLB  LINE. 

TRANSMITTING  CURRENT  CONSTANT  AT  200  MILLIAMPBRBS  AND  40.000 

CYCLES 


ReceiTing  capacity  in  microfarads 

Received  current 

in  aeries  with  constant 

In 

inductance 

0.00292           •     . 

1 

0.00354 

1.6 

0.00422 

2 

0.00442 

2.2 

0.00470 

2.4 

0.00508 

2.6 

0.00679 

2.8 

0.00606 

2.83 

0.00622 

2.8 

0.00748 

2.6 

0.00870 

2.4 

0.00972 

2.2 

0.01097 

2.0 

0.01337 

1.7 

TABLB  XII 

DATA  POR  ATTENUATION-PRBOUBNCY  CURVE  AT  RBCBIVING  BND  OP 

TBLBPHONB   CABLB    LINE.    SHORT-CIRCUITED    THROUGH    DUDDBLL 

THBRMO-AM METER    OP    171    OHMS.    TRANSMITTING    CURRENT 

CONSTANT  AT  240  MILLIAMPBRBS 


Transmitting 

Received 

current  in 

current  in 

ff^^§  ElAflA^^df^S 

milliamperes 

Prequency 

240 

4.85 

30.000 

3.60 

40.000 

2.45 

60.000 

1.5 

60.000 

0.5 

70.000 

0.3 

80.000 

0.3 

90.000 

should  be  particularly  applicable  to  press  association  service, 
railroad  service,  and  leased  wire  service  of  all  kinds. 

The  experiments  described  should  not  be  interpreted  as  in 
any  way  indicating  limitations  to  radio-telegraphy  and  tele- 
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phony  in  the  future,  for  their  present  rapid  development  gives 
justification  for  great  prospect  for  the  future.  It  is  rather  con- 
sidered that  the  whole  system  of  intercommunication,  including 
both  wire  methods  and  wireless  methods,  will  grow  apace,  and 
as  each  advance  is  made  in  either  of  these  it  will  create  new 
demands  and  standards  for  still  further  development.  We  need 
more  wireless  telegraphy  everywhere,  and  not  less  do  we  need 
more  wire  telegraphy  and  telephony  everywhere,  and,  again, 
more  submarine  cables.  The  number  of  submarine  cables 
connecting  Europe  with  America  could  be  increased  many 
times  and  all  of  them  kept  fully  occupied,  provided  the  traffic 
were  properly  classified  to  enable  some  of  the  enormous  business 
which  is  now  carried  on  by  mail  to  be  transferred  to  the  quicker 
and  more  efficient  cablegram  letter.  That  time  will  surely 
come  when  the  methods  of  electrical  inter-communication  will 
have  been  so  developed  and  multiplied  that  the  people  of  the 
different  countries  of  the  world  may  become  real  neighbors. 

Accustomed  to  the  methods  of  transmitting  energy  for  power 
purposes  by  means  of  wire,  it  is  a  matter  of  wonder  that  enough 
energy  can  be  delivered  at  a  receiving  antenna  from  a  trans- 
mitting point  thousands  of  miles  distant  to  operate  successfully- 
receiving  devices.  The  value  of  a  metallic  wire  guide  for  the 
energy  of  the  electric  waves  is  strikingly  shown  in  the  above 
experiments,  and  it  furnishes  an  efficient  directive  wireless 
system  which  confines  the  ether  disturbances  to  closely  bounded 
regions  and  thus  offers  a  ready  solution  to  the  serious  problems  of 
interferences  between  messages  which  of  necessity  have  to  be 
met  in  wireless  operations  through  space. 

The  distortion  of  speech,  which  is  an  inherent  feature  of  tele- 
phony over  wires,  should  be  much  less,  if  not  practically  absent, 
when  we  more  and  more  withdraw  the  phenomena  from  the  metal 
of  the  wire  and  confine  them  to  a  longitudinal  strip  of  the  ether 
which  forms  the  region  between  the  two  wires  of  a  metallic 
circuit. 

The  ohmic  resistance  of  the  wire  as  shown  can  be  made  to 
play  a  comparatively  unimportant  part  in  the  transmission  of 
speech  and  the  more  the  phenomena  are  of  the  ether,  instead  of 
metallic  conduction,  the  more  perfectly  will  the  modified 
electric  waves,  which  are  the  vehicle  for  transmitting  the  speech, 
be  delivered  at  the  receiving  point  without  distortion. 

It  has  been  shown  that  the  phenomena  of  resonance,  which  are 
met  with  in  so  many  different  branches  of  physics,  exhibit  very 
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striking  and  orderly  results  when  applied  to  electric  waves 
propagated  by  means  of  wires.  By  utilizing  this  principle  it 
has  been  shown  that  the  receiving  current  at  the  end  of  the  line 
may  be  built  up  and  amplified  many  times  over  what  it  would  be 
with  untuned  circuits. 

The  tuned  electrical  circuit  at  the  receiving  end  readily  admits 
electromagnetic  waves  of  a  certain  definite  frequency,  and  bars 
from  entrance  electromagnetic  waves  of  other  frequencies. 
This  permits  the  possibility  of  utilizing  a  single  circuit  for  multi- 
plex telephony  and  telegraphy. 
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Discussion  on  "  Multiplex  Telephony  and  Telegraphy 
BY  Means  of  Electric  Waves  Guided  by  Wires." 
Chicago,  June  28,  1911. 

Frank  B.  Jewett:  The  phenomena  which  underlie  what  seem 
at  the  present  time,  to  be  the  most  promising  lines  of  investiga- 
tion for  the  development  of  wireless  telephony,  namely,  the 
utilization  of  one  very  high-frequency  alternating  current  as 
what  might  be  termed  the  "  carrier  "  for  other  and  lower  fre- 
quency alternating  currents,  appeal  to  the  imagination  not  only 
of  the  engineer  but  also  of  the  physicist.  It  was  consequently 
with  more  than  usual  interest  that  I  commenced  an  investigation 
of  Major  Squier's  work  in  the  early  part  of  this  year  at  the  time 
the  newspapers  first  announced  the  issuance  of  his  patents  and 
described  in  a  genjeral  way  the  character  of  his  discoveries. 

My  investigation  had  for  its  object  the  determination  of 
whetiier  any  of  Major  Squier's  reported  discoveries  contained 
the  germ  of  a  speech  transmission  system  that  could  be  made 
commercially  applicable  in  a  general,  universal  telephone  system. 
There  were  two  main  questions  to  be  answered,  first,  were  the 
newspaper  accounts  of  Major  Squier's  work  correct  as  to  what 
he  had  accomplished,  that  is,  was  it  possible  even  on  a  single 
circuit  to  obtain  the  results  claimed?  Second,  on  the  basis  of 
an  aflBrmative  answer  to  the  first  query  was  there  anything  in 
Major  Squier's  research  that  would  make  his  discoveries  com- 
mercially applicable  to  either  a  local  or  long  distance  telephone 
plant?  If  not,  did  the  research  give  promise  of  ultimate  com- 
mercial adaptation  and  what  further  developments  would  be 
needed  to  sp  adapt  it? 

I  think  that  Major  Squier's  paper  as  presented  at  this  Con- 
vention will  remove  any  doubts  as  to  the  first  of  the  above 
queries.  Major  Squier's  paper  indicates  very  clearly  that  what 
has  been  accomplished  in  wireless  telephony,  namdy,  the  trans- 
mission of  intelligible  speech  by  means  of  a  high  frequency 
alternating  current  carrier,  can  also  be  accomplished  on  a  simple 
telephone  circuit  consisting  of  wires,  either  metallic  or  grounded, 
by  the  same  or  similar  means  and  apparatus.  This  being  so» 
we  come  at  once  to  the  second  query,  namely,  that  relating  to 
the  practical  utility  of  the  work  in  a  commercial  telephone  in- 
stallation. As  yet  I  have  not  been  able  to  determine  that  the 
research,  beautiful  though  it  may  be  from  a  physical  standpoint, 
possess  any  great  commercial  value  or  possibilities. 

In  stud3dng  this  phase  of  the  matter,  it  is  necessary  to  take 
account  of  all  the  factors  which  enter  into  the  design  and  main- 
tenance of  circuits  and  equipment  needed  to  afford  commercial 
service.  In  a  general  telephone  plant,  the  first  essential  is, 
a  sufficient  amount  of  energy,  closely  approximating  the  form 
in  which  it  was  put  on  the  line  at  the  beginning  of  the  circuit, 
should  be  transmitted  and  delivered  at  the  instrument  of  the 
receiving  subscriber;  it  is  also  essential  that  this  be  accomplished 
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in  such  a  way  and  by  such  means  that  the  plant  has  a  maximum 
flexibility  of  operation.  Further,  from  a  conmierdal  and  oper- 
ating standpoint  it  is  essential  that  the  circuits  used  for  the 
transmission  of  speech  be  of  such  a  character  that  the  necessary 
signaling  current  can  be  transmitted  and  that  signaling  means  be 
provided  which  will  give  the  operators  immediate  and  complete 
control  of  the  circuit.  While  it  is  not  always  necessary  to 
transmit  the  signaling  current  over  the  same  wires  that  are  used 
for  talking,  these  currents  are  usuallv  so  transmitted  and  in 
any  plant  for  general  telephony  and  telegraphy,  where  the  wires 
are  used  to  proper  efficiency  combined  talking  and  signaling 
currents  will  in  general  be  found  on  all  wires. 

In  the  matter  of  the  necessary  energy  to  be  supplied,  a  very 
rapid  and  cursory  examination  of  the  conditions  which  must  be 
fulfilled  in  a  commercial  plant,  especially  in  a  long  distance 
telephone  plant,  will  indicate  that  the  general  characteristics 
to  be  taken  account  of  in  considering  high-frequency  trans- 
mission analogous  to  that  suggested  by  Major  ^uier  are  not 
nearly  as  simple  as  on  the  short  circuit  which  he  used  between 
the  War  Department  and  the  Bureau  of  Standards  in  Wash- 
ington and  which,  under  the  circumstances,  we  might  term  a 
laboratory  circuit.  Further,  a  few  simple  computations  will 
show  that  the  attenuation  of  current  at  the  high  frequency  which 
must  be  used  in  Major  Squier's  system  is  enormously  greater 
than  the  attenuation  at  the  frequencies  which  go  to  make  up 
ordinary  speech.  The  phenomena  of  current  attenuation  on  long 
telephone  circuits  are  not  different  in  character  for  frequencies 
of  from  15,000  to  100,000  periods  per  sec.  than  for  frequencies 
of  from  200  or  300  to  3,000  periods  per  sec.  and  the  same  at- 
tenuation formulas  can  be  used.  In  rough  computation  work  it  is 
customary  for  telephone  engineers  to  take  a  single  frequency 
as  designating  the  average  of  what  takes  place  in  the  trans- 
mission of  speech.  The  generally  accepted  single  frequency  for 
computation  work  is  800  periods  per  sec.  Major  Squier  men- 
tions, as  the  range  of  frequencies  which  are  applicable  to  his 
adaptation  of  wireless  methods  to  wire  telephony  a  range  from 
about  15,000  to  about  100,000  periods  per  sec.,  the  lower  limit 
being  set  by  considerations  of  audibility  and  by  the  upper  or 
higher  harmonics  in  ordinary  speech  and  being  quite  definite. 
The  upper  limit  is  set  primarily  by  considerations  of  current 
attenuation  and  is  not  quite  as  definitely  marked. 

As  an  illustration  of  the  great  difference  in  attenuation  between 
these  high  frequency  currents  and  the  currents  which  go  to  make 
up  ordinary  speech  transmission,  let  us  consider  what  will 
happen  on  some  of  the  open  wire  and  cable  circuits  that  are 
ordinarily  used  in  long  distance  telephony — as  examples  of  these 
circuits,  I  have  taken  first  a  No.  8  B.  W.  G.  copper  circuit,  which 
is  the  largest  copper  wire  used  in  commercial  telephony  in 
America;  second,  a  No.  12  N.  B.  S.  G.  copper  circuit,  which  is 
the  size  of  wire  ordinarily  used  for  rather  short  toll  work  and 
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third  a  No.  13  B.  &  S.  gauge  cable  circuit,  which  is  about  the 
largest  size  copper  wire  circuit  generally  used  in  underground 
telephone  cables.  Comparing  the  attenuation  of  the  current 
at  the  very  high  frequencies  needed  in  Major  Squier's  arrange- 
ment to  the  attenuation  at  800  frequency,  we  find  the  following: 

At  15,000  frequency,  which  is  the  lowest  frequency  Major 
Squier  suggests,  the  attenuation  constant  on  the  No.  8  gauge 
circuit  is  2.2  that  at  800  frequency.  This  ratio  increases  to 
6.4  at  100,000  frequency.  On  the  No.  12  gauge  circuit  the  ratio 
of  high  frequency  to  800  frequency  attenuation  constants  ranges 
from  1.6  at  15,000  to  3.6  at  100,000  frequency,  while  on  the 
No.  13  gauge  cable  circuit  the  range  is  from  1.9  to  4.2  for  the 
corresponding  frequencies. 

Although  5ie  above  figures  indicate  a  markedly  more  rapid 
attenuation  for  frequencies  above  15,000  than  for  frequencies 
in  the  neighborhood  of  1000,  they  do  not  show  in  the  most  strik- 
ing manner  the  serious  way  in  which  this  rapid  attenuation  limits 
the  commercial  application  of  any  high  frequency  carrier  scheme 
of  telephony.  As  noted  before,  it  is  necessary  in  a  commercial 
telephone  plant  to  deliver  to  the  subscriber  at  the  distant  end 
of  the  line  a  sufficient  amount  of  energy  with  approximately 
the  form  of  the  current  at  the  sending  end  to  give  him  an 
audible  amount  of  sotmd  from  his  receiver.  If  we  take  as  a 
basis  of  our  comparison  the  amount  of  energy,  which  at  800  fre- 
quency represents  the  commercial  limit  of  telephone  trans- 
mission and  assume  that  at  the  receiving  end  of  a  circuit  operated 
on  Major  Squier's  principle,  the  amount  of  energy  received 
in  the  form  of  high  frequency  current  is  equal  in  amount  to 
this,  and  then  determine  the  amount  of  energy  that  will  have  to 
be  put  in  at  the  sending  end  of  the  line,  we  obtain  some  very 
startling  figures. 

In  obtaining  these  figiu-es  it  is  assumed  that  the  high  fre- 
quency receiving  apparatus  is  equal  in  efficiency  to  the  regular 
apparatus. 

The  commercial  range  for  non-loaded  No.  8  B.  W.  G.  copper 
wires  is  about  1,000  miles  and  the  corresponding  lengths  for 
No.  12  N.  B.  S.  G.  copper  circuits  and  No.  13  B.  &  S.  gauge 
cable  circuits  are  respectively  450  and  61  miles.  Using  these 
lengths  and  making  the  comparison  noted  above  we  find  that  on 
the  1,000  mile  No.  8  B.  W.  G.  circuit  it  is  necessary  to  put 
4,000  times  as  much  energy  in  at  the  sending  end  at  15,000  fre- 
quency as  is  required  with  800  frequency,  if  the  energy  at  the 
receiving  end  is  to  be  equal  in  the  two  cases.  At  60,000  fre- 
quency the  ratio  has  risen  to  300,000,000,  while  at  100,000  fre- 
quency the  ratio  of  energy  at  this  frequency  to  that  at  800  fre- 
quency to  obtain  the  same  amotmt  of  energy  at  the  receiving 
end  is  7.(10)". 

On  the  450  mile  No.  12  N.  B.  S.  circuit,  the  ratios  for  15.000, 
50,000  and  100,000  frequency  are  respectively  50,  3(10)*  and 
2.(10)^  while  for  the  61  mile  circuit  of  No.  13  B.  &  S.  cable  the 
corresponding  ratios  are  500,  I'(IO)*  and  3'(10)*. 
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These  figures  show,  I  think,  that  the  problem  of  appljmig  a 
high-frequency  method  of  transmission  to  an  existing  wire  plant 
would  be  an  exceedingly  difficult  one,  even  if  there  were  no  other 
objection  to  the  system  and  on  the  assumption  that  the  required 
terminal  apparatus  could  be  readily  obtained,  due  merely  to  the 
enormously  greater  amount  of  energy  required  at  the  sending 
end  of  the  line.  Furthermore,  if  the  system  were  to  be  of  any 
great  value  in  a  commercial  plant,  it  could  not  be  limited  to  a 
single  frequency,  but  would  require  a  large  range  of  frequencies. 
The  figures  just  given  show  that  with  such  a  range  of  frequencies 
the  range  of  energy  which  must  be  supplied  to  lines  of  similar 
length  will  be  very  great  if  uniform  transmission  is  to  be  given. 
While  this  might  not  be  a  serious  objection  in  a  plant  comprising 
but  few  toll  lines,  it  becomes  one  of  very  grave  importance  when 
a  comprehensive  net  work  has  to  be  taken  into  account. 

I  have  not  as  yet  been  able  to  see  how  this  difficulty  can  be 
overcome  in  a  way  that  will  admit  of  applying  this  land  of  a 
system  to  the  complicated  requirements  of  a  commercial  wire 
plant.  Nor  have  I  yet  been  able  to  find  affirmative  answers  to 
certain  other  questions  which  must  be  satisfactorily  disposed 
of  before  the  device  of  high-frequency  transmission  can  assume 
commercial  value  and  proportions. 

The  more  important  of  these  questions  are,  first,  the  question 
of  interference  between  high  frequency  circuits,  2nd,  the  question 
of  signaling,  and  3rd,  the  question  of  modifications  required  in 
the  existing  telephone  plant  to  make  possible  the  application  of 
high-frequency  transmission. 

With  regard  to  the  question  of  interference,  Major  Squier  points 
out  very  clearly  that  there  is  no  interference  between  the  ordinary 
talking  currents  and  the  high-frequency  currents  which  may  be 
superimposed  on  the  same  circuits.  This  point,  can  I  believe, 
be  granted  without  further  consideration.  There  would  be, 
however,  in  a  commercial  plant  operated  on  the  high-frequency 
system  the  question  of  interference  between  a  circuit  operated 
on  one  of  these  high  frequencies  and  a  neighboring  circuit 
operated  with  another  high  frequency.  To  a  certain  extent 
this  kind  of  interference  coidd  be  avoided  by  a  system  of  tuning 
for  the  terminal  apparatus,  as  Major  Squier  points  out,  but  we 
have  only  to  glance  again  at  the  figures  for  the  1,000  mile  circuit 
to  see  what  difficulties  there  would  be  in  the  way  of  accomplishing 
commercial  results  in  this  manner.  Let  us  consider  for  example 
the  case  of  a  toll  line  1,000  miles  long  on  which  there  are  two 
pairs  of  No.  8  B.  W.  G.  copper  wires  and  assume  that  both  cir- 
cuits are  being  operated  on  a  high-frequency  method  and  are 
supplied  with  sufficient  energy  at  the  sending  6nd  to  give  com- 
mercial transmission  at  the  distant  end.  If  simultaneous  send- 
ings  were  always  from  the  same  end  of  the  line  there  would 
probably  be  no  great  difficulty  in  eliminating  interference  even 
if  there  was  considerable  unbalance  between  the  four  wires 
making  up  the  two  circuits.     In  a  commercial  plant  this  simul- 
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taneous  operation  from  the  same  end  cotild  not,  of  course,  be 
obtained,  and  we  have  to  consider  interference  between  sending 
on  one  circuit  and  receiving  at  the  same  end  on  the  neighboring 
circuit.  A  consideration  of  the  relatively  large  amount  of  energy 
at  the  sending  end,  to  give  commercial  transmission  at  say 
100,000  periods  per  sec.  over  a  circuit  1,000  miles  long  shows 
that  a  degree  of  balance  between  the  four  wires  of  the  system 
which  is  commercially  tmattainable  would  be  required  to  block 
out  interference  between  the  sending  end  of  one  circuit  and  the 
receiving  end  of  the  other  circuit,  even  where  the  two  circuits  are 
operated  on  two  rather  different  frequencies. 

Even  if  it  were  physically  possible  to  obtain  the  degree  of 
balance  needed  for  the  elimination  of  interference,  that  is,  to 
transpose  the  wires  against  each  other  at  sufficiently  frequent 
intervals,  a  scrutiny  of  the  distance  factors  will  show  that  with 
open  wire  lines  constructed  in  the  manner  ordinarily  employed 
for  telephone  plants,  there  are  not  a  sufficient  number  of  poles 
provided  to  make  possible  the  necessary  transpositions.  On 
well  transposed  lines  for  ordinary  talking  circuits  the  trans- 
position poles,  that  is,  the  points  at  which  the  two  wires  of  a 
circuit  are  turned  over,  occur  on  the  average  at  between  one-half 
and  one  mile  apart,  say  from  twenty  to  forty  poles  apart.  When 
we  come  to  consider  high-frequency  currents  of  from  15.000  to 
100,000  alternations  with  their  very  much  shorter  wave  length  we 
find  that  in  order  to  provide  the  same  ntunber  of  transpositions 
per  wave  length,  we  would  not  have  a  sufficient  number  of  poles 
in  the  Hne  as  ordinarily  constructed  and  would  have  to  put  in 
additional  poles.  From  this  standpoint  also,  therefore,  it  will 
be  seen  that  there  are  very  serious  objections  to  any  general 
application  of  the  idea  of  using  high-freqUency  current  for  the 
ptupose  of  Jjuperimposing  one  talking  circuit  on  another.  The 
same  objection  arises  in  the  case  of  cable  circuits  where  cturent 
can  pass  from  one  circuit  to  another  if  there  is  any  capacity 
unbadance  between  the  pairs  of  wires  which  make  up  the  ad- 
jacent circuits.  Even  in  the  present  state  of  the  art  the  degree 
of  balance  required  to  prevent  excessive  cross  talk  is  very  great 
and  a  high-frequency  system  would  necessitate  a  degree  of  balance 
that  appears  to  be  commercially  unattainable  in  the  present  state 
of  cable  manufacttire. 

In  order  to  operate  telephone  circuits  commercially  it  is  neces- 
sary to  provide  means  for  signaling.  The  suggestion  has  been 
made  that  in  a  high  frequency  system  this  would  not  have  to  be 
done  on  the  circuits  themselves,  but  that  all  orders  could  be 
passed  over  special  order  wires.  As  noted  previously,  however, 
the  full  utilization  of  a  wire  plant  in  a  system  devoted  to  com- 
bined telephony  and  telegraphy  practically  requires  the  sending 
of  both  talking  and  signaling  currents  over  the  same  wires.  It 
would  seem,  therefore,  that  this  point  can  not  be  dismissed  so 
easily  and  that  signaUng  apparatus  must  be  provided  on  the 
talking  circuits  before  a  high-frequency  system  can  be  consid- 
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ered  as  having  any  g^eat  commercial  applicability.  Major 
Squier  points  out  that  in  the  particular  circuit  which  he  used, 
i.e.,  a  pair  of  wires  in  an  undergrotmd  cable,  considerable  re- 
flection of  the  high  frequency  currents  occurred  at  the  protecting 
heat  coils  in  the  central  offices.  If  this  is  so,  it  is  evidence  that 
even  the  simplest  form  of  relay  or  retardation  coil  will  act 
almost  as  a  solid  barrier  against  high-frequency  currents  imless 
it  is  bridged  by  a  condenser. 

Thus,  even  if  we  could  get  a  sufficient  amount  of  energy  over 
the  line  it  would  be  difficult  to  operate  a  high-frequency  relay 
commercially  and  at  the  same  time  prevent  its  operation  through 
extraneous  disturbance.  If,  as  in  the  case  of  the  ordinary 
supervisory  relay  in  a  subscribers  loop,  the  apparatus  is  in  series 
in  the  line,  it  would  seem  to  be  almost  impossible  to  insure  proper 
sign^ing  operation  and  at  the  same  time  to  permit  of  efficient 
talking. 

The  necessity  for  bridging  relays  and  impedance  coils  with 
condensers  in  order  to  permit  the  passage  of  high-frequency  cur- 
rents would  be  in  itself  a  very  serious  bar  to  any  general  applica- 
tion of  such  a  system,  as  it  wotdd  not  only  greatly  enhance  the 
first  cost  of  the  equipment,  but  would  also  throw  an  unduly 
great  burden  on  the  maintenance  force.  Further,  in  the  case  of 
long  distance  telephone  lines  as  they  exist  in  this  country  today 
and  as  is  pointed  out  in  the  paper  by  Mr.  Gherardi  on  ''  Com- 
mercial Loading  of  Telephone  Circuits,'*  the  tendency  is  to  in- 
crease the  efficiency  of  the  talking  circuits  by  means  of  inductance 
coils  applied  in  accordance  with  Professor  Pupin's  invention. 
In  this  system  inductance  coils  are  placed  in  the  circuit  at  definite 
intervals,  the  coils  in  some  cases  having  an  inductance  as  high  as 
a  quarter  of  a  henry  each.  At  the  present  time  the  entire  toll 
plant  in  the  long  distance  system  of  the  American  Telephone  & 
Telegraph  Co.,  is  rapidly  approaching  the  condition  in  which  all 
of  the  circuits  contain  these  inductance  or  loading  coils.  There 
are  thousands  of  these  loading  coils  distributed  today  along  the 
open  wire  and  cable  circuits  which  form  the  telephone  net  work 
and  the  problem  of  applying  and  maintaining  suitable  condenser 
shunts  of  any  form  whatever  around  each  individual  loading  coil 
would  be  well  nigh  insoluble.  Also,  the  presence  of  these  shunts 
would  be  seriously  detrimental  to  the  efficiency  of  the  circuits 
for  their  ordinary  use. 

I  have  made  one  or  two  short  computations  to  see  what  this 
shunting  might  mean,  even  assuming  that  we  could  maintain 
condensers  around  each  loading  coil,  that  is  that  we  could 
build  them  to  withstand  commercially  the  effects  of  lighting 
low  insulation,  etc.  For  the  ptupose  of  comparison  let  us 
take  the  case  of  a  No.  12  N.  B.  S.  aerial  copper  line  which  is 
loaded  with  inductance  coils  of  0.25  henry  each  at  eight  mile 
intervals.  Further,  let  us  take  a  frequency  of  50,000  periods  per 
sec.  which  is  about  midway  in  the  range  suggested  by  Major 
Squier.     In  the  computation  I  have  assumed  that  we  would 
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install  at  each  loading  coil  a  condenser  of  sufficient  capacity  so 
that  the  reduced  attenuation  of  the  line  at  50,000  frequency  would 
not  be  more  than  2\  per  cent  higher  than  the  attenuation  at 
50,000  frequency  over  the  same  line  without  any  loading  coils 
whatever.  This  would  require  a  condenser  of  about  0.04 
microfarads  for  each  wire  at  each  loading  coil.  While  such 
condensers  around  the  loading  coils  would  keep  the  attenuation 
at  50,000  frequency  down  to  about  2J  per  cent  higher  than  it 
would  be  if  there  were  no  loading  coils  on  the  wire,  they  would 
tend  to  destroy  the  effect  of  the  loading  coils  for  ordinary  talking 
currents.  If  we  take  1,500  frequency,  which  is  above  the  mean 
telephonic  frequency  but  is  still  within  the  range  necessary  for 
intelligible  transmission,  we  find  that  the  presence  of  these 
condensers  around  each  loading  coil  increases  the  attenuation 
by  about  7  or  8  per  cent.  It  will  thus  be  seen  that  for  the  sake  of 
obtaining  a  reasonably  good  circuit  for  high  frequency  currents 
we  would  have  to  very  seriously  impair  the  talking  frequency  of 
our  loaded  lines  when  operated  in  the  ordinary  way. 

In  conclusion  and  as  previously  remarked  I  wotdd  say  that  I 
commenced  my  investigation  of  Major  Squier's  work  with  a  great 
deal  of  interest,  not  only  on  account  of  the  engineering  features 
involved,  but  also  because  the  fundamental  idea  of  the  system 
appealed  to  me  very  greatly.  In  the  course  of  this  investigation 
I  have  had  not  only  the  pleasure  of  reading  Major  Squier's 
paper,  but  in  addition  the  further  pleasure  of  discussing  his 
work  with  Major  Squier  personally  and  of  examining  his  ap- 
paratus on  the  line  in  Washington  and  I  can  assure  you  that  the 
experiments  which  he  has  performed  over  this  line  are  indeed 
beautiful.  There  is  absolutely  no  interference  between  the 
battery  current  and  the  high-frequency  current  and  over  the 
circuit  which  he  was  operating,  i,e  ,  a  relatively  short  cable  cir- 
cuit, it  was  easily  possible  to  get  a  reasonably  good  volume  of 
transmission  with  good  articulation.  As  I  have  already. said, 
however,  I  have  not  as  yet  been  able  to  satisfy  myself  that  there 
is  any  affirmative  ginswer  to  the  engineering  questions  which 
must  be  satisfactorily  answered  before  there  is  any  possibility  of 
applying  Major  Squier's  invention  generally  to  a  commercial 
plant  used  for  universal  service.  I  do  not  say,  of  course,  that  it 
may  not  be  feasible  to  apply  it  commercially  in  certain  localized 
cases  where  there  are  special  reasons  for  desiring  an  additional 
circuit  without  the  necessity  for  running  additional  wires.  This 
could  hardly  be  considered  as  a  general  commercial  application, 
for  the  purpose  of  extending  the  range  or  efficiency  of  telephonic 
communication . 

E.  F.  W.  Alexanderson :  I  have  prepared  for  this  meeting 
a  paper  on  "  Magnetic  Properties  of  Iron  at  Frequencies 
of  200,000  Cycles,"  but  failed  to  get  it  ready  in  time  for  print- 
ing. I  just  mention  this  in  connection  with  Major  Squier's 
paper  in  order  to  show  that  100.000  cycles  is  not  any  longer 
the   limit   for   mechanically   generated  frequency,   but  other- 
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wise  it  is  quite  clear,  particularly  in  view  of  the  figures 
shown  by  Mr.  Jewett,  that  any  frequency  of  200,000  will  be  of 
no  value  at  all  for  transmission  over  wires.  I  have  had  the  same 
feeling  in  some  experiments  I  made  two  years  ago — that  even 
100,000  cycles  is  altogether  too  high  to  be  used  on  a  wire  service. 
The  experiments  were  made  with  the  frequency  of  10,000  cycles, 
and  the  same  mechanical  parts  were  used  as  the  100,000  cycle 
alternator;  however,  with  a  differently  designed  armature. 
The  pulsating  current  of  the  microphone  was  used  as  the  exciting 
current  of  the  alternator,  which  was  able  to  generate  a  high  fre- 
quency current  of  much  greater  volume  than  the  cturent  used 
for  excitation.  The  generated  current  was  sent  through  a  mer- 
cury rectifier  and  it  was  found  that  an  image  of  the  original  tele- 
phone current  could  be  produced.  A  special  winding  was  used 
in  order  to  increase  the  efficiency,  so  that  the  telephone  current 
and  the  high  frequency  current  flowed  in  the  same  conductors. 

In  connection  with  those  experiments  it  was  naturally  thought 
that  there  is  a  possibility  of  transmitting  a  high  frequency — ^in 
that  case  of  10,000  cycles — over  a  wire  circuit,  and  in  that  way 
have  the  advantage  of  tuning  the  wire  circuit  to  a  definite 
frequency  and  avoid  the  distortion  of  wave  shapes,  which  is 
bound  to  occur  in  ordinary  long  distance  telephony  due  to  the 
simultaneous  transmission  of  different  frequencies.  It  may  be 
that  even  10,000  cycles  is  too  high,  in  view  of  the  figiures  that  we 
have  had,  and  it  might  be  out  of  the  question  to  even  use  this 
system  for  transmission  over  wires.  However,  there  may  be 
hope  for  new  developments  that  might  solve  the  problem  of 
long  distance  transmission.  In  fact,  an  alternator  is  just  being 
constructed  by  which  it  is  hoped  that  the  frequency  of  3,000 
cycles  can  be  used  without  interference  with  the  voice,  and  in 
such  a  case  it  might  seem  reasonable  that  the  telephone  engi- 
neers would  find  a  way  of  tuning  their  circuits  to  approximately 
3,000  cycles,  and  in  that  way  introduce  some  form  of  multiplex 
telephony  by  which  messages  may  be  transmitted  long  distances 
without  distortion  of  wave  shape  or  change  in  the  quality  of  the 
speech. 

John  B.  Taylor:  There  are  a  number  of  points  of  similarity 
between  the  electric  telegraph  systems  and  the  electric  telephone 
systems.  Therefore,  we  can  profitably  look  back  over  the  at- 
tempts at  multiplex  telegraphy  and  see  why  some  have  worked 
out  and  some  have  failed. 

Various  means  of  separating  one  set  of  operators  from  another 
set  using  the  same  conductor,  have  been  suggested  or  tried.  Some 
of  these  means  are:  (a)  difference  in  polarity;  (6)  difference  in 
current  strength;  {c)  successive  assignment  of  the  circuit  to 
different  operators,  and  (d)  "  resonance  '*  methods.  The  paper 
under  discussion  is  an  example  of  the  last  method.  These 
have  all  been  suggested,  and  to  some  extent  used  on  telegraph 
work.  Some  of  them,  I  think,  we  can  dismiss  right  away  for  the 
purpose  of  multiplex  telephony. 
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Polarity  seems  to  be  pretty  well  out  of  the  question,  as  tele- 
phone current  is  essentially  an  alternating  current  and  it  is  hard 
to  see  how  we  can  arrange  to  have  one  speaker  use  only  currents 
of  one  polarity,  while  other  speakers  use  currents  of  the  opposite 
polarity. 

A  method  depending  on  strength  of  the  current  seems  to  be 
quite  out  of  the  question,  because  the  telephone  current  must  go 
to  zero  and  pass  through  various  values. 

The  Gray  harmonic  telegraph  system  seemed  to  have  great 
possibilities  but,  as  far  as  I  know,  it  is  nowhere  in  commercial 
use.  In  the  paper  under  discussion  we  have  offered  a  modifica- 
tion— ^harmonic  telephony  in  which  we  are  using  frequencies 
so  high  that  the  currents  do  not  interfere  with  standard  telephone 
apparatus,  and  it  is  intimated  that  a  mmiber  of  frequencies  may 
be  used  for  independent  telephonic  conversations.  The  com- 
plications would  seem  to  be  much  more  in  the  case  of  the  tele- 
phone than  with  the  harmonic  telegraph,  and  the  latter  has  not 
yet  proved  successful. 

The  other  possibility,  the  successive  assignment  of  the  line  to 
one  station  and  then  to  another,  (in  the  '*  S5mchronous  tele- 
graph "  use  is  made  of  a  so-called  *'  sunflower  "  rotating  dis- 
tributor whereby  the  line  is  assigned  for  a  short  space  of  time, 
first  to  one  operator  and  then  to  another)  may  be  considered  for 
telephony.  It  is  surprising  how  much  can  be  eliminated  from 
the  telephone  current  and  still  have  recognizable  speech.  There 
are  various  ways  of  attacking  the  problem  of  multiplex  tele- 
phony, and  some  have  possibilities. 

The  system  of  multiplex  telephony  under  discussion  is  a 
resonance  method  making  use  of  intensity  variations  in  the 
strength  of  an  alternating  cturent  of  frequency  greater  than 
that  to  which  the  standard  telephone  receiver  and  himfian  ear 
are  sensitive. 

Major  Squier  refers  to  the  possibility  of  solving  the  problem  by 
the  use  of  a  similar  method  in  which  the  transmitted  alternating 
currents  are  of  frequency  below  those  to  which  the  ear  is  sensitive, 
or  in  the  neighborhood  of  16  cycles  per  sec.,  but  has  apparently 
dismissed  this  from  serious  consideration  on  account  of  the 
difficulty  of  securing  a  pure  sine  wave..  It  may  be  well  to  point 
out  here  that  entirely  apart  from  any  question  of  diflSculty  in 
securing  a  perfect  sine  wave  of  the  frequency  of  16  cycles  or 
lower,  that  such  a  system  is  fundamentally  wrong  for  piuposes 
of  speech  transmission.  That  this  is  the  case  will  be  evident  on 
slight  consideration.  Fairly  rapid  speech  may  have  as  many  as 
ten  distinct  syllables  in  each  second,  so  that  one  or  more  of  these 
syllables  occurring  at  or  near  the  zero  part  of  the  16  cycle  wave, 
would  be  either  entirely  lost,  or  of  such  low  intensity  compared 
with  those  syllables  occurring  at  or  near  the  peaks  of  the  16  cycle 
wave,  as  to  seriously  change  the  quality  of  the  speech.  This  is 
not  equivalent  to  saying  that  speech  over  such  a  low  frequency 
system  could  not  be  recognized,  but  that  the  distortions  are  so 
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great  as  to  debar  the  matter  from  serious  practical  consideration. 
In  some  of  my  own  tests,  making  use  of  alternating  currents  of 
relatively  low  frequency  as  a  source  of  current  supply  in  the 
transmitter  circuit,  instead  of  the  usual  cells  of  battery,  and  work- 
ing with  simple  musical  tones  instead  of  the  more  complex 
speech,  some  very  curious  effects  were  noted,  which  can  not  be 
discussed  at  this  time  beyond  mentioning  the  fact  that  the 
simple  musical  tone  of  the  source  comes  out  of  telephone  receiver 
as  a  compound  tone  (generally  a  discord)  apparently  consisting 
of  two  tones,  one  of  pitch  corresponding  to  the  stmi  and  the 
other  to  the  difference  of  the  frequency  of  the  musical  tone  and 
the  frequency  of  the  alternating  current  source  of  energy. 

Dr.  Jewett  has  satisfactorily  answered  many  of  the  questions 
that  naturally  come  to  mind  on  first  acquaintance  with  the  gen- 
eral scheme  of  Major  Squier^s  system,  and  the  figures  Dr.  Jewett 
has  given  showing  the  enormous  sending  current  required  for  a 
moderate  receiving  current  over  a  line  of  sufficient  length  to 
justify  the  employment  of  high  frequency  generators  and  other 
special  apparatus,  tell  at  least  one  of  the  (Ufficulties  in  the  way 
of  putting  such  a  system  into  commercial  operation. 

S.  G.  McMeen:  Dr.  Jewett's  statement,  as  to  the  lack  of  the 
ability  to  signal  over  the  strip  of  ether,  impels  me  to  remark 
that  we  have  good,  useful  physical  circuits  today  over  which 
we  can  not  signal  in  the  ordinary  sense.  I  refer  to  composited 
lines,  from  which  the  usual  signaling  ability  is  taken  away  by 
adding  the  telegraph.  But  we  do  use  such  circuits  to  great  ad- 
vantage, and  without  trying  to  signal  over  them. 

Dr.  Jewett  comments  on  the  hurtfulness  of  series  windings, 
such  as  relays,  in  these  high-frequency  circuits.  Series  windings, 
other  than  loading  coils,  have  steadily  become  less  common  in 
all  telephone  circuits  during  the  last  20  years.  All  reactances 
required  in  Major  Squier's  methods,  whether  of  capacity  or  in- 
ductance, are  of  small  dimensions  because  of  the  high  frequencies. 
It  easily  may  come  about  that  the  capacities  may  be  sufficient 
when  formed  of  a  few  turns  of  wire  laid  side  by  side. 

Mr.  Alexanderson  says  there  is  hope  for  further  development. 
It  is  that  outlook  which  makes  this  work  notable.  Since  1900, 
there  has  been  no  announcement  of  large  addition  to  our  fimda- 
mentals  in  telephony.  We  may  well  consider  this  work  another 
such  addition. 

Mr.  Taylor  says  the  harmonic  telegraph  did  not  make  good. 
It  did  give  us  one  great  result:  Observation  of  a  single  phe- 
nomenon in  harmonic  'telegraph  experimentation  diverted 
Professor  Bell  directly  to  the  invention  of  the  telephone. 

Dr.  Jewett  further  says  that  Major  Squier's  invention  is 
"  a  beautiful  laboratory  apparatus."  I  beg  to  remind  him  that 
the  telephone  itself  was  that,  and  that  only^  when  Professor  Bell 
finished  it. 

Frank  F.  Fowle:  Major  Squier's  achievement  in  duplexing 
a  telephone  circuit  by  superimposing  waves  of  a  frequency  be- 
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yond  the  range  of  audibility  will  rank  high  among  scientific 
accomplishments.  It  marks  a  new  and  extremely  interesting 
development  in  the  art  of  telephony. 

Telephone  engineers  will  analyze  it  in  the  light  of  their  ex- 
periences with  voice  transmission,  at  relatively  low  frequencies, 
ranging  from  100  to  2,000  cycles  per  second.  As  others  will 
doubtless  point  out,  it  appears  to  have  serious  defects  and  a 
very  limited  commercial  value  from  such  a  standpoint.  There 
are  two  fundamental  reasons  for  this.  In  the  first  place,  the 
rate  of  attenuation  at  such  high  frequencies  will  be  relatively 
enormous  in  comparison  with  the  values  of  attenuation  now  ob- 
tained with  voice  frequencies.  Consequently  the  maximum 
attainable  distances  will  fall  far  short  of  present  accomplish- 
ments, even  at  comparatively  high  impressed  voltages.  Sec- 
ondly, and  perhaps  of  most  import,  the  difficulties  of  preventing 
cross-talk  between  two  or  more  high-frequency  circuits  in  the 
same  cable  or  on  the  same  pole  line  appear  to  constitute  an  al- 
most insurmountable  problem. 

For  these  reasons  Major  Squier^s  invention  seems  to  have 
a  very  limited  commercial  value  at  present,  at  least  in  relation 
to  its  use  on  existing  wire  plants.  As  to  its  ultimate  value  it  is 
tmsafe  to  predict,  because  it  opens  the  door  of  a  new  develop- 
ment whose  possibilities  are  yet  unexplored. 

The  two  large  problems  needing  immediate  attention  are 
those  of  minimizing  the  attenuation  and  controlling  the  cross- 
talk. It  seems  fairly  apparent  that  the  lowest  safe  frequency 
from  the  standpoint  of  interference  will  be  the  best  one,  because 
thus  the  attenuation  is  made  a  minimtmi.  The  control  of  cross- 
talk is  perhaps  the  most  difficult  problem.  In  this  connection 
it  may  well  be  pointed  out  that  for  high-frequency  transmission 
the  present  situation  is  parallel  to  the  one  which  existed  30  years 
ago  in  the  development  of  long  distance  transmission  at  syn- 
chronous frequencies.  The  groimded  line  of  those  days  gave 
serious  trouble  from  cross-talk  as  soon  as  appreciable  parallel 
lengths  were  exposed  to  each  other.  The  metallic  return  dimin- 
ished the  diffictilties  but  was  not  a  satisfactory  remedy.  It  was 
not  until  the  transposed  metallic  circuit  was  developed,  through 
the  work  of  Carty  and  Barrett,  that  long-distance  service  be- 
came commercially  feasible  in  1885. 

Apparently  the  wire  plant  of  today  will  need  radical  altera- 
tions to  permit  secret  transmission  over  high-frequency  circuits 
lying  side  by  side  for  many  miles.  If  this  can  be  accomplished 
without  sacrificing  present  efficiency  in  relation  to  the  use  of  the 
composite  and  the  phantom,  it  will  bring  Major  Squier^s  achieve- 
ment to  a  state  of  great  social  and  industrial  value. 

In  connection  with  the  paper  I  note  that  the  measured  con- 
stants of  the  cable  circuit  employed  are  very  unusual.  The 
measured  loop  resistance  averages  110  ohms  per  mile,  which  is 
normal  with  the  gauges  used.  But  the  capacity  of  0.69  micro- 
farad, if  it  represents  the  whole  seven  miles,  is  much  too  low; 
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it  might  be  very  nearly  right  if  it  represented  the  mutual  ca- 
pacity per  mile.  The  insulation  resistance  is  exceedingly  low 
and  indicates  very  poor  conditions  somewhere  in  the  circuit. 

Bcla  Gati :  I  have  made  a  number  of  experiments  from  which 
I  conclude  that  Major  Squier's  explanations  are  not  always 
right. 

It  seems  Major  Squier  has  not  enough  measuring  instruments 
for  alternating  (high  frequency)  currents.  Major  Squier 
measures  the  capacity  (one  minute  electrification)  and  the  insu- 
lation resistance  with  direct  currents.  He  does  not  say  so  but 
the  "  one  minute  electrification  "  verifies  my  opinion.  I  have 
written  a  ntmiber  of  articles  discouraging  the  use  of  direct-current 
measurements  for  high-frequency  circuits.  There  is  no  con- 
nection between  direct-current  isolation  and  high-frequency 
dielectric  resistance".  I  found  the  latter  one  is  1,000  to  10,000 
times  smaller  than  the  direct-current  value.  I  believe  the  isola- 
tion (dielectric  resistance)  of  the  said  telephone  cable  can  be  only 
some  hundred  ohms.  I  should  like  to  have  data,  obtained  by 
measurement  with  20,000  to  100,000  cycles. 

Major  Squier  states  that:  "  The  actual  ohmic  resistance  of  the 
line  apparently  played  an  unimportant  part  for  telegraphy  at 
100,000  cycles  ..."  This  opinion  is  the  most  dangerous 
one  imaginable,  for  the  future.  We  know  that  in  wireless 
telegraphy  the  damping  factor  depends,  in  the  first  place,  on  the 
energy  consuming  resistances.  How  Major  Squier 's  opinion 
was  formed,  can  only  be  explained  as  follows  (a)  by  the  phe- 
nomenon that  when  the  current  is  over  a  certain  value,  (5 
milliamperes  on  the  Hungarian  receivers)  the  telephone  receiver 
does  not  give  a  stronger  soimd.  I  showed  these  curves  relating 
to  this  phenomenon  at  the  second  conference  of  the  Telephone 
Techniciens  in  Paris.  If  we  have  4,  8  or  12  milliamperes  received 
currents  in  the  receiver,  the  soimds  remain  about  of  the  same 
strength  and  so  we  cannot  judge,  by  hearing,  the  strength  of 
the  incoming  currents,  nor  the  total  resistance  of  the  line. 

(6)  As  I  have  already  stated,  the  insulation  for  high  frequency 
current  must  be  very  small,  the  capacity  between  the  wires  is 
large  enough,  the  cross-talk  for  these  cycles  exists  and  so  we  can- 
not speak  about  the  ohmic  resistance  of  one  wire,  but  only  of  the 
whole  cable  bunch.  Major  Squier  fotmd  the  transmitting  im- 
pedance tmder  100  ohms  (87)  for  high-frequency-currents,  and 
one  metallic  circuit  had  776  ohms  resistance. 

(c)  I  experimented  with  telephoning  on  single  aerial  wires.  I 
had  the  same  effect  at  the  receiving  station  (2,500  km.,  4  mm. 
diameter  bronze  wires),  whether  the  two  wires  were  connected 
in  parallel  or  not.  Then  I  changed  the  line,  using  a  three-mm. 
wire,  and  have  spoken  over  only  1,000  km.  instead  of  2,500  km. 
In  this  case  the  whole  line,  if  the  cross-talk  is  not  avoided,  forms 
•  only  one  wire. 

I  hope  that  Major  Squier  will  make  other  experiments  and 
verify  my  explanation.    Assimie  for  example,  that    the  Gom- 
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mercial  Cable  Co.  shotild  have  a  new  cable  laid  between  New 
York  and  England  with  a  self  inductivity  10~*  henry  per  kilo- 
meter, but  10  ohm  resistance  instead  of  0.9  ohm,  provided 
Major  Squier's  opinion  about  the  ohmic  resistance  is  a  correct 
one.  This  new  cable  with  10  ohms  per  kilometer  would  be  a 
complete  failure,  but  with  0.9-1  ohm  resistance  and  with  the 
same  10^  henry  inductivity  this  could  alone  make  up  for  all  the 
other  Atlantic  cables  and  make  the  cable  rates  10  times  cheaper. 
The  present  t5rpe  of  microphones  are  not  fit  for  high-frequency 
cturents.  The  microphone  effect  is  caused  by  the  imperfect 
contacts;  for  high-frequency  currents  there  are  no  imperfect 
contacts;  they  make  conductive  the  worst  contacts  of  the 
crystal  detectors,  therefore  the  need  is  felt  for  another  type  of 

TABLE  I 
THE  SPEED  OP  ELECTRICITY  ON  BRONZE  WIRE  TELEPHONE  CIRCUITS 

itf  -2  *  »  -9000  V  -240,000  km. 

8000  239.500 

7000  239.000 

6000  238.000 

5000  237,600 

4000  235.500 

3000  231.500 

2000  222,000 

1000  196.000 

628  173.000 

263  133,600 

131  112,500 

62  101.000 

31  97.000 

18  95.600 


microphone.  I  made  experiments  with  4,000  cycles,  and  was 
able  to  throw  out  the  disturbing  eflEect  of  the  ground-current. 
Today,  I  believe  the  frequency  of  about  10,000  cycles  is  the 
best.  The  telephone  receiver  does  not  respond  to  disturbances 
when  the  cycles  are  over  7,000. 

Telegraphy  with  high  frequency  currents  is  an  old  thing;  I 
experimented  with  it  many  years  ago  and  worked  it  out  es- 
pecially for  cable  telegraphy.  I  am  glad  that  Major  Squier's 
experiments  confirmed  the  unlimited  possibilities  of  this  kind  of 
telegraphy;  perhaps  existing  cable-companies  will  now  pay  more 
attention  to  it.  

Major  Squier  uses  the  X  =  2  x  F  Vl  C  expression  and  sup- 
poses that  7=300,000  km.  per  second.  According  to  my  ex- 
periments on  aerial  lines  (Table  I)  it  can  be  said  that  the  speed  is 
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never  300,000  km.    I  made  various  experiments  and  have  never 
found  this  value.     I  do  not  believe  that  this  300,000  km.  is  a 

w 
definite  value.     According  to  Kennelly's  formula  F^-g-  where 

Pi 

fii+j  182=  V(r+j  «  0  {g+j  w  c) 

I  will  not  say  that  in  the  case  of  the  cable  line  Y = 500,000  km., 
as  the  preliminary  computation  shows  this,  but  I  am  of  the 
opinion  that  V  diflEers  from  the  value  of  300,000  and  so  the 
resonance  curves  and  other  computations  of  Major  Squier  are 
incorrect. 

The  same  is  applicable  to  the  U  0.260  millihenry  value. 
The  cable  line  has  a  comparatively  large  capacity  joined  in 
series  with  the  tuning  capacity;  this  also  somewhat  modifies 
the  result. 


^  *  ^**i%/io»cjr   ssxio-cj     B.6xi6»c^     7.Bxid»cj:     ».5xior»(f 

Resonance  curve 


I  believe  for  effective  voltage  measurements  the  string  elec- 
trometers, for  instance  Woulff 's  electrometer  with  short  platinum 
string,  are  sensitive  enough  even  for  small  values.  The  im- 
pressed voltage  is  surely  larger  than  one  volt,  and  thus  measiir- 
able. 

In  my  experiments  the  resonance  curves  were  also  unsym- 
metrical.  I  constructed  curves  at  one  single  frequency;  the 
ordinates  were  the  currents  in  milliamperes,  the  abscissas  were 
the  capacity  values  in  microfarads.  I  foimd  the  cause  of  the 
\msymmetrical  position  in  the  dielectric  resistance  of  the  con- 
densator.  According  to  my  experiments  0.001  microfarad  has 
at  w= 2  7rn  =  10,000  a  dielectric  resistance,  (isolation)  about 
1  megohm,  but  1  microfarad  capacity  has  about  1,000  times  less, 
that  is  only  1,000  ohms.  This  dielectric  resistance  is  not  con- 
stant, it  is  for  higher  frequencies  less  so;  I  believe  this  diminution 
of  the  isolation  (dielectric  resistance)  for  higher  frequencies 
causes   the   unsymmetrical   state.     I   obtained   the   values  of 
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the  resonance  curve,  (n  =  95,200)  according  to  my  process, 
the  ordinates  were  the  milliamperes,  the  abscissas,  the  capaci- 
ties.    This  curve  was  very  unsymmetrical. 

I  constructed  the  curves  not  only  for  the  outgoing  but  also 
for  the  incoming  currents.  In  wireless  telegraphy  from  these 
resonance  curves  the  attenuation  is  computable.  Of  course, 
the  hypothesis  is  that  the  ctu^e  of  the  resonance  is  symmetrical; 
perhaps  some  one  could  find  the  mathematical  expression  of  the 
attenuation  from  these  unsymmetrical  curves.  It  would  be 
very  useful  for  long  distance  telegraphy  to  have  them.  The 
measuring  of  the  ratio  of  the  outgoing  and  incoming  current 
is  only  applicable  over  some  thousand  kilometers  distance;  at 
this  distance,  the  disturbing  (vagabond)  currents  are  always 
larger  than  the  talking  currents,  and  so  the  measurement  is 
very  difficult. 

The  selectivity  curve  is  in  reality  the  same  as  the  resonance 
curve;  hence  the  unsymmetrical  position. 

Of  course,  it  wotdd  be  more  interesting  to  know  the  selectivity 
curves  of  the  received  (incoming)  cturents.  My  barretter  set 
measures  without  shunt  to  one  milliampere,  with  shunted 
galvanometer,  to  5-10  milliamperes  maximum  values  (pointer- 
galvanometer),  beginning  the  measurement  with  0.5-0.1  milli- 
ampere, which  is  the  value  of  the  commercial  talking  (received) 
telephone-current.  If  Major  Squier  wants  to  make  experiments 
over  some  100  or  1,000  kilometers,  he  will  need  this  instrument, 
therefore  I  call  his  attention  to  it. 

The  manufacture  of  large  condensers  with  large  dielectric 
resistance  is  the  most  difficult  problem  in  high  frequency  tele- 
graphy. Perhaps  it  would  be  of  interest  to  know  that  I  use  the 
condensers  of  Mr.  Szvetics,  (the  director  of  the  Telephone  News, 
in  Budapest)  which  I  have  found  the  best  and  the  most  prac- 
tical for  this  purpose. 

On  cables,  the  voltage  has  no  tendency  to  rise  after  having 
thrown  in  resonance,  but  on  aerial  lines  I  experienced  the  in- 
crease of  the  received  currents.  At  open  ends  there  is  alwa3rs 
increase  in  voltage.  Probably  Major  Squier  will  make  furthei 
experiments  with  100,000  cycles;  I  should  like  to  know  the  re- 
sults. 

The  small  dielectric  resistance  (isolation)  of  the  cable  causes 
the  phenomenon  that  the  resonance  curve  is  the  same  when  the 
distant  end  is  open  or  short  circuited.  I  experienced  on  aerial- 
lines  that  the  outgoing  cturent  was  always  larger  when  the  dis- 
tant end  was  opened.  At  the  short  circuited  distant  end  the 
outgoing  ciurent  is  only  a  small  value  of  the  former.  This  seems 
at  the  first  moment  very  strange;  Kennelly's  formulas  (hyper- 
bolical treatment  of  telephone-currents),  however,  explain  it 
quite  correctly. 

When  the  impedance  of  the  whole  line  is  87  ohms,  it  is  not 
permissible  to  measure  with  a  galvanometer  which  has  171  ohms. 
The  so  called  attenuation  ciuve  in  Fig.  22  Major  Squire's  paper 
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is  the  attenuation  curve  of  this  galvanometer  (at  least  60  per  cent) 
and  not  of  the  line.  When  the  outgoing  current  decreases  from  240 
milliamperes  to  5-1  milliamperes  at  11.26  kilometer  distance,  it 
proves  the  system  to  be  a  disadvantageous  one.  With  barretter 
set  (1-10  ohm  resistance)  Major  Squier  cotild  obtain  more  current 
at  the  receiving  end.  We  see  here  that  the  effective  ohmic  re- 
sistance is  a  very  important  one  for  these  high-frequency  cur- 
rents.    Of  course  the  outgoing  current  must  be  in  resonance. 

I  have  the  same  opinion  regarding  the  submarine  cables  as 
Major  Squier.  A  cable  with  10"^  self  inductivity  per  kilometer 
and  worlang  with  high-frequency  current  would  be  able  to  settle 
the  whole  business  of  the  existing  Atlantic  cables.  The  rates 
could  be  decreased  to  two  cents  per  word.  This  time  is  not  so 
far  off;  however,  at  the  present  time,  the  cable  companies  are 
too  conservative.  On  account  of  this,  I  emphasize  again  that 
the  ohmic  resistance  of  the  wire  is  a  very  important  one,  and  one 
tmsuccessful  experiment  cotdd  cost  miUions  of  dollars  and  pre- 
vent the  application  of  the  high-frequency  currents  for  some  de- 
cades. 

Finally,  allow  me  to  congratulate  Major  Squier.  My  above 
remarks  are  not  intended  as  a  criticism.  I  had  no  intentions  of 
that  kind.  I  simply  wanted  to  communicate  the  results  of  my 
experiments  made  during  the  past  eight  years  and  thereby  hasten 
the  development  of  high  frequency  telegraphy  and  telephony. 
I  will  further  remark  that  with  high-frequency  currents  the 
speed  is  unlimited.  I  succeeded  in  sending  20  to  60  letters  per 
second.  The  signals  are  not  intermixed,  the  incoming  signal  is 
not  expanded  as  in  direct-current  telegraphy.  The  German 
Telephone  Experiment  Station  in  Berlin  (Mr.  K.  W.  Wagner) 
claims  and  also  deduces  mathematically  that  the  signals  are 
expanded  at  high-frequency  currents.  But  this  statement  is 
quite  incorrect.  I  have  made  experiments  over  a  4000-km. 
line;  the  direct-current  signals  were  expanded  perhaps  300  per 
cent,  the  alternating  current  signals  not  at  all. 

Telephoning  with  high-frequency  currents  has  also  been 
attacked,  but  I  proved  mathematically  (Electrotechnische 
Zeitschrift,  1909,  copy  39)  the  possibility  of  talking  between 
London  and  Kurachi  (India)  a  distance  of  8000  km. 

This  statement  as  well  as  a  lot  of  statements  like  the  ex- 
pansion are  ones  which  we  are  obliged  to  disprove  with  ex- 
periments. I  should  be  very  glad  if  Major  Squier  as  well  as 
others  would  continue  experiments  along  these  lines  so  as  to 
help  us  in  this  matter. 
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TELEGRAPH  TRANSMISSION 


BY   FRANK   F.   FOWLE 


I.  Introductory 

The  theory  of  telegraph  transmission,  in  its  broadest  aspect, 
involves  the  many  systems  which  have  appeared  from  time  to 
time.  A  treatment  of  them  all  is  much  beyond  the  scope  of  a 
paper  of  this  nature,  but  fortunately  a  great  many  can  be  elim- 
inated by  reason  of  their  limited  commercial  use.  The  con- 
siderations in  this  paper  are  limited  to  the  closed-circuit  Morse 
system,  which  has  been  practically  supreme  in  American  prac- 
tice for  many  years.  High-speed  automatic  systems  have 
enjoyed  but  little  use  in  this  country  and  a  theoretical  considera- 
tion of  such  transmission,  while  very  interesting,  has  a  limited 
practical  value  at  the  present  time.  Considering  its  commercial 
importance,  it  is  not  easy  to  understand  why  the  theory  of 
Morse  transmission  has  remained  so  long  in  a  state  of  apparent 
neglect.  Perhaps  this  is  due  in  some  measure  to  th^  diflSculty 
of  the  subject,  but  certainly  it  cannot  be  ascribed  to  the  lack 
of  interesting  or  commercially  important  problems. 

The  full  solution  of  transmission  problems  of  any  character 
involves  the  well  known  differential  equation  which  expresses 
the  relation  between  the  line  potential,  the  distance,  the  time 
and  the  line  constants,  as  given  below. 

in  which  E  =  line  potential. 

^  =  distance  from  the  source. 
/  =  time. 
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r=line  resistance. 
g  =  leakage  conductance. 
C=line  capacity. 
L=line  inductance. 

The  general  solution  of  this  equation,  involving  terminal  con- 
ditions, is  complicated  and  not  readily  handled;  the  most  gen- 
eral case  involves  oscillatory  charging  and  discharging  of  the 
line  during  the  transient  state.  An  abridged  treatment  of  less 
general  difficulty  is  very  desirable  for  the  solution  of  the  more 
important  commercial  problems. 

When  the  line  is  very  highly  insulated  and  possesses  sub- 
stantially no  inductance,  as  in  cable  circuits,  the  full  theory  is 
considerably  simplified.  In  that  case  th^  well  known  K  R 
law  has  been  employed  empirically  by  many  engineers.  The 
same  law  has  also  been  applied  to  the  case  of  open-wire  lines, 
where  theoretically  it  fails  to  hold  because  such  lines  possess 
considerable  leakage  and  some  inductance.  Mr.  T.  E.  Herbert* 
has  developed  the  following  empirical  formulae,  based  on  the 
K  R  law,  from  English  practice. 

„,       10,000,000  .«. 

P^i=  'KR—  (2) 

for  open-wire  lines  of  iron, 

^      12,000,000  .,. 

« 

for  open-wire  lines  of  copper,  and 

„,      18,000,000  ... 

^'-^—iTr  ^*^ 

for  cables  of  the  submarine  type  with  gutta-percha  insulation; 
W  is  the  speed  in  words  per  minute,  K  is  the  total  capacity  and 
R  is  the  total  resistance.  The  assumed  conditions  are  eight 
milliamperes  of  line  current  and  not  less  than  100  volts  of  im- 
pressed e.m.f.,  from  a  source  whose  internal  resistance  does  not 
exceed  three  ohms  per  volt ;  he  also  assumes  a  shunted  condenser 

*"  Telegraphy."  by  T.  E.  Herbert.  Whittaker  &  Co.,  London,  1906. 
Chapter  XVII. 
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at  the  receiving  end.     For  a  speed  of  400  words  per  minute 
he  gives  the  following  limits  of  distance. 


MUes 

Km. 

590 

949.5 

487 

783.7 

363 

584.1 

291 

468.3 

83 

133.5 

128 

205.9 

150-lb.  aerial  copper  line... 
100-lb.        ■  ■         "  ... 

450-lb.        -     iron         •   ... 
400-lb.        ■  ■         -   ... 

G.  P.  underground 

Screened  paper  cable,  40-lb 


No  qualification  with  respect  to  line  insulation  is  there  given, 
but  that  factor  is  most  important,  at  least  in  American  practice. 
Empirical  rules  must  be  used  with  the  greatest  care  to  see  that 
the  imposed  conditions  are  fully  satisfied  in  any  specific  applica- 
tion. Such  rules  also  possess  the  •  disadvantage  that  they  fail 
to  reveal  the  theoretical  relations  between  the  numerous  variables 
and  hence  do  not  show,  except  in  a  limited  way,  how  to  improve 
transmission  or  economically  proportion  the  terminal  equip- 
ment with  respect  to  the  line  circuit. 

In  the  type  of  Morse  transmission  which  we  are  considering 
there  are  two  fundamental  requirements.  First,  the  strength 
of  signals  must  be  adequate  to  cause  firm  registration  in  the 
terminal  apparatus  and,  second,  the  speed  of  transmission  must 
exceed  the  rate  of  hand  sending  by  a  safe  margin,  without  diffu- 
sion or  obliteration  of  the  line  impulses.  Theory  and  experi- 
ence both  demonstrate  that  the  limit  of  distance  over  circuits 
of  the  pure  cable  type  is  fixed  by  considerations  of  speed,  due 
to  the  retardation  and  the  absorption  caused  by  the  relatively 
large  capacity  of  the  line.  That  is,  signals  of  adequate  strength 
can  be  transmitted  over  very  great  distances  with  circuits  of 
such  a  type,  but  not  at  a  speed  commensurate  with  an  operator's 
maximum  capacity  for  hand  sending. 

Open-wire  lines,  on  the  other  hand,  possess  much  less  ca- 
pacity per  unit  of  length  and  under  conditions  of  high  insulation 
give  a  satisfactory  speed,  for  rapid  hand  sending,  over  distances 
ordinarily  several  times  the  limit  with  the  usual  type  of  cable. 
But  the  insulation  is  far  from  constant  and  fluctuates  between 
wide  limits  with  atmospheric  changes.  During  clear  dry  weather 
it  will  be  quite  high  if  the  line  is  maintained  in  first-class  con- 
dition, perhaps  as  high  as  50  megohms  per  mile.     During  heavy 
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prolonged  rainfall  it  may  not  be  greater  than  a  small  fraction  of  a 
megohm.  Such  low  insulation  ordinarily  fixes  the  limiting 
distance  of  transmission,  through  impairment  of  the  strength 
of  the  signals;  and  this  limit,  in  nearly  all  cases,  is  considerably 
below  the  limit  fixed  by  considerations  of  speed. 

Experience  with  long  lines  of  open  wire  shows  very  clearly 
that  the  workable  limit,  through  all  weather,  is  fixed  primarily 
by  the  leakage,  with  attendant  weakening  of  signals,  rather  than 
by  considerations  of  speed.  In  determining  the  proper  line 
constants  for  transmission  between  two  given  points,  it  is 
proper  to  assume  that  continuous  service  is  desired;  in  fact 
a  service  which  depends  upon  the.  vagaries  of  weather  is  utterly 
untrustworthy  and  impossible. commercially. 

If  we  can  investigate  the  problem  from  the  single  standpoint 
of  the  strength  of  signals,  the  theory  is  much  simplified.  The 
author  believes  from  his  experience  with  long  lines  comprised 
mainly  of  open  wire,  that  this  is  feasible  and  safe.  A  complete 
investigation  of  Morse  transmission,  under  this  assumption, 
gives  results  which  are  well  in  accord  with  experience  and  leads 
to  the  conviction  that  the  method,  within  proper  limits,  is  a 
satisfactory  one.  This  point  will  be  discussed  further  in  con- 
nection with  the  actual  results  of  such  an  analysis  and  their 
application. 

When  the  theoretical  treatment  is  limited  to  an  investigation 
of  the  strength  of  signals,  the  time  element  disappears  and  the 
differential  equation  given  by  expression  (1)  becomes  simply 

^,=rg£  (6) 

the  solution  of  which  is  not  difficult. 

11.  General  Theory 
The  general  solution  of  (6)  is 

Es=A  €-fi'+B€-^'  (6) 

where  A  and  B  are  constants  which  are  fixed  by  the  terminal 
conditions. 

The  constant  j8  is  the  familiar  attenuation  constant  and 

j8  =  ^rg  (7) 

where  r  =  line  resistance  in  ohms  per  mile. 

g  =  leakage  conductance  in  mhos  per  mile. 
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If  R  is  the  insulation  resistance  of  one  mile  of  line  expressed 
in  ohms, 


1 


The  general  expression  for  current  is 


r       ds 


(8) 


(9) 


which  follows  from  the  fact  that  the  underljring  equations  are 

dE 


ds 

dl 
ds 


=  rl 


=gE 


(10) 


and  these  expressions  give  (6)  by  elimination. 
Hence 


Is  = 


K 


where 


K^yj^^VrR 


(11) 


(12) 


and  K  is  the  apparent  resistance  of  an  indefinitely  long  line, 
measured  from  s  =  0.     When  the  line  is  indefinitely  long, 


and 


Es  =  Eot-^' 


Is=  f  -    .- 


(13) 
(14) 


where  e**^*  is  the  attenuation  factor. 

But  this  is  not  the  condition  encountered  in  practice,  although 
of   interest    theoretically.      Terminals   are    present,    with   re- 
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sistances  and  sources  of  e.m.f.  arranged  in  a  number  of  ways. 
The  general  solution  can  be  carried  no  farther  without  knowledge 
or  assumption  of  the  specific  terminal  conditions,  and  it  is 
necessary  to  treat  each  arrangement  separately.  The  simplex, 
duplex  and  quadruplex  systems  will  be  considered  in  order. 
Simplex.    The  standard  Am- 

X  Y 

erican   simplex    or    method   of  ^^^  ,^^ 

single  working,  on   the  closed-  ^ 

circtiit   plan,    is    illustrated    in  *']  *""*^                   I*  * 

Fig.  1.  "^'y"^"  '''"^"h 

S  KE  Y  Kc  Y  M 

This  circuit  is  too  well  under-        4^£j  ^J- 

stood  to  need  explanation.  There  L  ] 

are  three  conditions  to  be  inves- 
tigated mathematically.     First,      ^'piex"^''''"'^  ""^  standard  sim- 
both  keys  closed;  second,   key 

open  at  -Y  or  5  =  0;  third,  key  open  at  Y  or  s  =  l,  while  the  oppo- 
site key,  as  before,  is  closed. 

In  the  first  case,  with  both  keys  closed,  the  condition  at  5  =  0  is 

.4+5  =  £i-ri/i  (16) 

and  at  5  =  /  the  condition  is 

A  €^'  +B  €-^'  =  -£2+r2  h  (16) 

which  follow  from  the  fact  that  the  batteries  are  connected  in 
conjunction  to  send  a  current  in  the  positive  direction  over  the 
line,  from  X  to  F;  and,  similarly, 

7.=  -^/^  (17) 

/,=  -^*7^*"'  (18) 

By  elimination  among  the  last  four  equations  it  follows  that 

_„.  (L±.<Ij.-..,^,_('+«.)  .-.-.£. 

^~  "         ■   l-a,a,€-2"      -    -     -  (l») 


(^■)^.+°.('r')'-"-^- 


B  =  ^         '    -—^ar (20) 

1  — aiaic^^'  ^ 
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where 

a,.|=Q  (SI) 


«-|iS  (*" 


and  ai  and  a%  are  termed  reflection  coefficients  by  analogy  with 
similar  coefficients  in  the  case  of  alternating-current  or  wave 
transmission. 

The  solution  in  any  given  case  may  now  be  calculated  in  full 
for  the  first  condition,  remembering  that 

€±  ^*  =logio-^  ( ±0.43429  ^  x)  (23) 

or 

€± ^«  =cosh  fix  ±  sinh  /S x  (23a) 

In  the  second  case,  when  the  key  is  open  at  X  and  closed  at . 
F,  the  proper  values  of  A  and  B  can  be  found  from  (19)  and  (20) 
by  assuming  that 


fl  =  oo 

(24) 

and 

ai=-l 

(26) 

which  give, 

-(L+-) ....... 

1 +«»«-«*' 

A=B  = 

(26) 

And  similarly,  when  the  key  is  open  at  Y  and  closed  at  X, 

f,  =  «  (27) 

a,=  -l  (28) 


and 


.( 


(29) 


,-Bi) 


£ 


^=rN^->'  (30) 


Digitized  by  VjOOQIC 


1690 


FOWLE:  TELEGRAPH  TRANSMISSION         June  28 


It  is  almost  self-evident  that  signals  will  not  be  transmitted 
in  each  direction  over  a  uniform  line,  with  equal  eflSdency  and 
like  effects,  unless  the  terminals  are  alike  as  to  resistance  and 
magnitude  of  e.m.f.  The  similarity  of  terminals  is  essential 
to  uniformly  efficient  service;  this  condition  will  be  assumed 
for  the  present  and  the  results  of  the  alternate  condition  will 
be  taken  up  later. 

Therefore,  assuming  that 


JEi=£t=*£o 


fi  =  f«  =  fo 


ai^at^a 


it  follows  that 


(31) 


(82) 


and  (19)  and  (20)  become 


A  = 


.(i±£)  .-..£. 


1 -«€-"' 


(33) 


.m 


Eo 


l-at-" 


(34) 


(26)  becomes 


„  -C-^)-"-^- 


A=B  = 


l+ae-2" 


(36) 


(29)  and  (30)  become 


A  = 


m 


«-*"  .£. 


1 +«€-"' 


(36) 


l+ae-" 


(87) 
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The  eflfect  of  opening  the  key  at  A",  upon  the  current  in  the 
relay  at  K,  will  depend  upon  the  length,  resistance  and  leakage 
conductance  of  the  line.  If  the  line  is  perfectly  insulated,  the 
current  at  Y  will  be  interrupted  entirely;  but  when  there  is  some 
degree  of  leakage,  the  cturent  at  Y  can  never  be  interrupted 
wholly,  but  will  be  diminished  somewhat.  This  is  caused  by  the 
fact  that  the  battery  at  Y  finds  a  completed  circuit  through  the 
leakage  path  to  earth,  that  is,  current  escapes  over  the  wet  in- 
sulators and  thus  returns  to  the  terminal  through  the  earth. 
The  adjustments  of  a  standard  telegraph  relay  can  be  varied 
to  suit  a  large  range  of  operating  conditions.  On  a  perfectly 
insulated  line  the  operation  of  the  relay  is  exceedingly  positive, 
because  the  line  cturent  ceases  entirely  when  a  key  anywhere  is 
opened.  But  on  leaky  lines  the  situation  is  different  and  the 
opening  of  a  key  merely  diminishes  the  current,  without  ever 
interrupting  it  wholly.  In  the  last  case  the  relay  must  be  ad- 
justed, say,  to  pull  up  on  50  milliamperes  and  release  when  the 
current  suddenly  falls  to  30  milliamperes.  Clearly  the  releasing 
cturent  will  become  larger  as  the  leakage  effect  increases  and  an 
ultimate  limit  of  operation  will  be  reached. 

The  essential  phase  of  the  problem  which  needs  otu*  next 
attention  is  the  ratio  of  the  releasing  cturent  to  the  operating 
current  at  Y  when  the  key  at  X  is  opened  and  closed,  or  the  re- 
verse, but  since  the  terminals  are  alike  it  makes  no  difference 
which  case  we  consider — the  results  will  be  identical.  When  both 
keys  are  closed  the  current  at  the  Y  terminal  is 


(*-±^)(l+e-'")£. 


^''       Kil-ae-»')  (^> 


And  when  the  key  at  X  is  open  the  cturent  at  Y  is 


(H^)a-r..-)^. 


(1+ 
The  ratio  of  the  currents  is 


0  =  -^  =  !-     ,,1"^^,,  (40) 

^      It  €^'  +a  €"^'  ^ 
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which  can  be  put  in  the  form 

2^303  ,_     r  n  {\+a)+\/n^  (l+a)2-4  a 
where 


/=^^  log..  [-JL(l±g^)±y«!,(l  W-4  g  ]        (^,j 


The  last  two  expressions  give  the  maximum  permissible 
length  of  line  in  terms  of  the  wire  resistance  per  mile,  the 
leakage  conductance  per  mile,  the  reflection  coefficient  and  the 
greatest  permissible  ratio  of  releasing  to  operating  current  for 
commercial  operation  of  the  relays.  The  problem  is  then  solved, 
for  uniform  lines  with  equal  terminals. 

The  next  question  is  whether  anything  can  be  gained  by  an 
unsymmetrical  arrangement  of  the  terminals.  In  the  most  ex- 
treme case  all  the  battery  would  be  at  one  terminal,  say  at  F. 
This  condition  amounts  to  placing  £i  =  0.  When  transmitting 
from  Y  to  X  the  value  of  0  would  be  zero,  aside  from  the  effect 
of  earth  potentials,  because  the  current  at  X  would  cease  entirely 
upon  opening  the  key  at  K.  But  this  would  not  be  the  case  in 
transmitting  from  X  to  F.  By  placing  £i  =  0  in  (19)  and  (20) 
and  employing  the  resultant  values  of  A  and  B  to  find  the  value 
of  0  for  the  present  case,  which  will  be  designated  0',  it  can  be 
shown  that 

0'  =  0(2-0)  (43) 

Therefore  0'  is  larger  than  0  for  all  values  of  the  latter  between 
zero  and  unity — which  is  the  range  of  0.  But  an  increasing 
value  of  0  or  0'  corresponds  to  a  diminishing  margin  of  opera- 
tion in  the  relays  and  if  0  is  at  the  practicable  limit,  0'  will  be 
beyond  it.  That  is  to  say,  a  line  of  given  resistance  and  leakage 
can  be  operated  the  maximum  distance  when  the  battery  is 
distributed  one-half  at  each  terminal. 

The  terminal  resistances  also  affect  the  final  result  because 
they  enter  into  the  expression  for  the  reflection  coefiicient,  which 
in  turn  is  one  of  the  factors  in  (41).  Unequal  resistances  obvi- 
ously upset  the  symmetrical  condition  and  do  not  give  as  great 
a  value  of  /  as  would  be  obtained  with  the  same  total  resistance 
distributed  in  two  equal  termihals.  The  effect  of  a  on  the  value 
of  /  will  be  discussed  later. 
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One  more  question  remains  to  be  settled.  It  is  not  obvious 
that  working  from  terminal  to  terminal  is  the  most  difficult 
case  which  arises.  Any  doubt  in  the  matter  can  be  quickly 
settled,  however,  by  considering  transmission  to  and  from  the 
center  of  the  line.     When  all  keys  are  closed  the  current  at  the 

center  can  be  found  by  making  s^-^m  (11)  and  employing  (S3) 

and  (34)  for  A  and  B.  When  either  terminal  key  is  open,  the 
cturent  at  the  center  can  be  found  as  in  the  similar  case  of  the 
whole  line,  by  placing  the  proper  reflection  coefficient  equal  to 

minus  unity  and  again  making  s^-^.     In  the  case  of  an  open 

key  at  the  center  of  the  line  the  terminal  current  is  readily  found 

/ 
from  the  previous  solution  by  substituting  -^  for  /. 

For  transmission  from  either  terminal  to  the  center  of  the  line, 
the  ratio  of  currents  at  the  latter  point  is 

*'=i*  (44) 

which  means  that  the  fractional  margin  of  current  for  relay 
operation  is  twice  as  large  at  the  centre  of  the  line  as  at  the 
terminals.  This  proportionality  between  distance  and  margin 
does  not  hold  for  other  points  on  the  line,  however. 

Assuming  that  there  is  a  key  at  the  center  of  the  line,  the  ratio 
of  terminal  currents  when  this  key  is  open  and  closed  is  given  by 

which  means  that  for  values  of  0  between  zero  and  unity,  the 
corresponding  values  of  0"'  are  always  less,  and  hence  the 
margin  is  greater. 

By  taking  other  intermediate  points  it  can  be  shown  that  the 
most  difficult  transmission  is  always  from  terminal  to  terminal. 
This  conclusion  agrees  entirely  with  experience;  in  the  case  of 
long  and  heavily  loaded  way  circuits  it  has  sometimes  been 
foimd  impossible  to  work  through  from  end  to  end  in  the  most 
severe  weather,  but  at  the  same  time  an  office  near  the  center 
of  the  line  can  work  with  either  terminal  and  repeat  through 
messages. 
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Differencial  Polar  Duplex. — The  circuit  of  the  differential 
polar  duplex,  operating  with  current  reversals,  is  shown  in 
theory  in  Fig.  2. 

This  circuit  can  be  readily  understood  by  considering  its 
action  in  the  case  of  a  perfectly  insulated  line.  The  line  cur- 
rent flows  through  one-half  of  each  polar  relay  and  the  artificial 
line  currents  flow  through  the  other  halves.  But  under  normal 
conditions  the  terminal  batteries  are  in  opposition  as  shown  in 
the  illustration  and  the  result  is  no  line  current.  A  battery 
reversal  at  either  end  places  the  batteries  in  conjunction  and 
the  line  current  then  has  full  strength.  The  polar  relays  are 
always  so  connected  as  to  be  differential  to  outgoing  currents,  and 
a  neutral  balance  is  found  by  disconnecting  the  distant  battery 
and  grounding,  and  then  adjusting  the  artificial  line  at  the 
home  end.  The  operation  is  then  repeated  for  the  opposite 
terminal,  but  this  may  tipset  the  first  balance  slightly  and  if  so, 
the  whole  operation  must  be  repeated.     In  the  absence  of  earth 


Y  « 


-i 


"V^V    I 


W  "^ 


Fig.  3. — Normal  direction  of 


Fig.  2. — Circuit    of    differential  currents   in  polar  relay  for 

polar  duplex.  no  response. 

potentials  the  relays  need  no  bias,  but  otherwise  some  bias  is 
necessary. 

Under  normal  conditions,  with  no  line  current,  the  relays 
are  held  open  by  the  currents  in  the  respective  artificial  lines, 
and  the  current  in  each  case  is  furnished  by  the  home  battery. 
When  the  battery  at  X,  for  example,  is  reversed,  the  home  relay 
is  not  affected  but  the  distant  relay  responds.  There  are  four 
key  combinations  to  consider  and  in  order  to  study  them  all  the 
operating  currents, will  be  taken  as  shown  by  Fig.  3. 

The  positive  directions  of  current  shown  in  Fig.  3  are  assumed 
to  hold  the  relays  open,  while  negative  effects  will  close  them. 
It  may  next  be  observed  that  the  line  ciurent,  when  the  batteries 
are  in  conjunction,  will  be  approximately  twice  the  value  of 
ciirent  in  either  artificial  line  under  normal  conditions.  The 
relative  effects  with  the  four  key  combinations  are  given  in 
Table  I. 
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Referring  to  Table  I,  a  net  current  effect  of  +1  corresponds 
to  a  normal  or  open  relay,  while  a  net  effect  of  -■  1  corresponds 
to  a  closed  or  actuated  relay  and  a  transmitted  signal.  This 
elementary  explanation  serves  very  well  to  obtain  a  grasp  of  the 
operation  in  general,  but  when  line  leakage  is  introduced  the 
effects  are  more  complicated.  In  the  last  case  the  line  currents, 
with  one  exception,  are  never  zero;  when  the  batteries  are  in 
opposition  a  cturent  of  some  magnitude  issues  from  each  termiaal 
and  flows  to  earth  over  the  leaky  insulators,  but  the  current  at 
the  exact  center  of  the  line  is  zero.  The  effect  of  this  current 
is  to  reduce  the  net  magnetizing  force  which  holds  the  relay 
armatiu-e  against  the  back-stop.  When  the  batteries  are  in 
conjunction  the  line  current  increases  materially;  but  the  magni- 
tude of  the  change  in  line  current,  when  the  batteries  change 
from  opposition  to  conjunction,  becomes  less  and  less  as  the 

TABLE  I 
BLBMBNTARY  OPBRATION  OP  DIPPBRBNTIAL  POLARDUPLBX 


Key 

Relay  at  X 

Relay  at  Y 

atX 

at  Y 

/i 

/i' 

I.+Ii' 

h 

V 

ii+V 

open 

a 

closed 

• 

open 
dosed 

« 

open 

0 

—2 

0 

+2 

+1 
+1 

—1 
—1 

+1 
+1 

0 
+2 

0 
—2 

+1 
—1 

—1 
+1 

+1 
+1 
—1 
—1 

line  leakage  increases  and  the  net  magnetizing  force  which  con- 
trols the  relay  becomes  correspondingly  less.  Thus  a  limit 
of  operation  will  be  reached  with  a  line  of  fixed  characteristics; 
that  is,  there  will  be  a  limit  of  workable  or  operative  distance. 

Before  investigating  the  circuit  mathematically,  it  may  be 
well  to  point  out  a  secondary  eflfect  on  relay  operation,  here 
present.  The  source  of  e.m.f .  will  ordinarily  have  some  internal 
resistance  or  else  be  protected  by  a  resistance  in  the  battery  or 
generator  tap.  Consequently  the  current  in  the  artificial  line 
will  vary  slightly  with  changes  in  the  main  line  current,  due  to 
changes  in  applied  e.m.f.  This  eflfect  should  be  taken  into  ac- 
count because  it  changes  the  margin  of  relay  operation. 

The  previous  discussion  of  terminal  conditions  with  respect 
to  equality  applies  also  in  this  case,  and  like  terminals  will  be 
assumed.    The  new  terminal   conditions  make   the  previous 
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analysis  inapplicable.     The  circuit  as  it  will  be  treated  analyti- 
cally is  given  in  Fig.  4. 

The  resistance  r  j  is  the  internal 
battery  resistance  or  the  pro- 
tective resistance  when  storage 
batteries  or  generators  are  em- 
ployed. The  resistance  ri  is 
the  line  portion  of  the  polar 
relay  and  rz  is  the  other  half  of 
the  polar  relay  plus  the  artificial 
line. 


Fig.  4. 


-Differential    polar 
plex  in  theory. 


du- 


The  apparent  resistance  of  the  complete  terminal  is  obviously 


fo  =  fi+ 


fifz 


and  the  effective  terminal  e.m.f.  is 


^H-^)^^ 


(46) 


(47) 


The  resistance  of  the  artificial  line  is  found  experimentally, 
in  actual  practice,  but  can  be  calculated  upon  the  assumption 
that  the  battery  is  suppressed  at  the  far  terminal.  The  proper 
values  of  A  and  B  can  be  found  from  (19)  and  (20)  by  placing 
£2  =  0.     In  any  case  the  apparent  resistance  is 


and  when  £«=0  it  is 


whence 


and 


r»=ri+K 


/l-a<-«»'  \ 


a  = 


K+r» 


(48) 


(49) 


(60) 


(61) 
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When  the  line  is  so  long  that  its  working  limit  is  approached, 
(60)  is  approximately 

U^n+K  (62) 

When  the  line  is  perfectly  insulated,  or  approximately  so, 

r,-ri+^+^  [ri+^-0+  rt  (2r,+/  f)  (68) 

Returning  to  the  consideration  of  the  line  currents,  it  is 
evident  that  when  the  batteries  are  in  conjunction  the  constants 
A  and  B  will  be  found  by  substituting  (47)  for  £o  in  (33)  and 
(34).  or 


m-^' 


B^  \   "    "    ,  (66) 

When  the  batteries  are  in  opposition  the  constants  can  be 
found  from  (19)  and  (20)  by  reversing  the  sign  of  £%,  or 


_m 


€-*'  .£«' 


A  =  ^  ' -^. (66) 


.   (^)^' 


B^   \Z    ',  (67) 

The  terminal  current  at  X  when  the  batteries  are  in  conjunc- 
tion (reversal  at  Y)  is 


..m 


(!+€-")  £o' 


Ji:(l-a€-i") 
and  in  normal  opposition  the  current  is 


(68) 


(i±^)(l-^^')E.> 


li:(l+ae-") 


(59) 
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and  the  ratio  is 

.  This  would  be  the  desired  solution  if  the- current  in  the  arti- 
ficial lines  remained  constant  meanwhile,  but  on  the  contrary 
it  changes  slightly  because  of  the  presence  of  the  resistance  fa. 
The  artificial  line  current  I  a  is  greatest  when  the  batteries  are 
in  opposition.  When  the  batteries  are  normal  the  artificial 
line  cturent  is  in  the  same  direction  as  the  main  line  current, 
but  exceeds  the  latter  in  magnitude  and  controls  the  relay. 
When  the  home  battery  reverses,  the  main  line  current  at  the 
home  end  reverses  at  the  same  time  and  the  artificial  line  current 
also  reverses,  but  the  former  exceeds  the  latter  in  magnitude 
and  the  net  magnetizing  force  is  in  the  same  direction  as  before, 
so  that  the  relay  does  not  respond.  However,  when  the  distant 
battery  reverses,  the  main  line  current  at  the  home  end  in- 
creases materially,  and  the  artificial  line  current  decreases 
slightly,  so  that  the  former  now  overpowers  the  latter  in  mag- 
netizing effect  and  reverses  the  relay. 

The  change  in  the  artificial  line  current  is  important  to  con- 
sider. We  may  observe  at  once,  from  the  fact  that  the  half- 
windings  of  the  polar  relay  are  alike,  that  the  change  in  the 
artificial  line  cturent  may  be  added  algebraically  to  the  change  in 
the  main  line  current.  The  true  ratio  of  the  operating  currents 
in  the  relay  is  then 


(^^) 


But 


and  hence 


=  ^+  l^f^^\  (62) 


^-^-ftr'  (^) 


*=<^-(7;^)  a-<^)    .  (6*) 
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From  (60)  it  can  be  shown  that 

And  finally 

which  can  be  put  in  the  form  of  (41), 

/=  2.303  ,^^^^  [-«(l+a)+x/»MlW-4a]         (^.^ 


where 


/  3  rt+ri  \ 
\   rt+u   ) 


+* 


«=-   -i^-^^—  («8) 


This  result  is  in  shape  for  calculation  when  the  operating  con- 
stants of  the  relay  are  known.  It  is  interesting  to  note  that 
when  r2  =  0  the  artificial  line  current  is  constant,  and  in  that 
case 

which  makes  (67)  the  solution  of  (60). 

It  is  essential  for  good  operation  that  the  magnetizing  force 
in  the  relay,  when  the  batteries  are  in  opposition,  should  be 
substantially  equal  to  the  magnetizing  force  when  the  batteries 
are  in  conjunction.  This  is  especially  desirable  as  the  limit 
of  operation  is  approached,  because  then  the  magnetizing 
forces  are  becoming  constantly  smaller.  When  the  batteries 
are  in  conjunction  the  net  magnetizing  current  is  /i  — /a,  refer- 
ring to  (68)  and  (63),  and  in  opposition  the  net  magnetizing 
current  is  //— 7'^,  referring  to  (69)  and  (63).  When  the 
limit  of  operation  is  approached  the  value  of  €r^^^  becomes 
very  small,  and  in  that  case  the  value  of  rj  given  by  (60)  is  sub- 
stantially 

»z  =  K+n  (70) 

as  given  by  (62). 
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Using  the  approximation  of  (70)  it  can  be  shown  that 
Ii'-Ia'  1-ae-" 


h-lA 


1+a  «-"' 


(71) 


which  is  numerically  almost  unity.  This  means  that  the  re- 
spective magnetizing  currents  are  opposite  in  direction  and  nearly 
equal. 

Out  of  four  possible  key  combinations  only  two  have  been 
considered  and  the  effects  have  been  investigated  at  only  one 
terminal.  But  the  symmetry  of  the  circuit  and  the  equality 
of  terminals  make  it  unnecessary  to  consider  the  others. 

Bridge  Polar  Duplex,  The  duplex  system  is  sometimes  ar- 
ranged on  the  bridge  principle  and  in  that  case  the  preceding 
formulae  apply  in  a  general  way,  but  the  terminal  conditions  are 
different.     Moreover,  the  relay  is  not  actuated  directly  by  the 


Fig.  6. — Circuit  of  bridge  polar     Fig.  6. — Terminal  of  bridge  du- 
duplex.  plex  in  theory. 

line  current.  For  theoretical  purposes  the  bridge  duplex  circuit 
may  be  taken  as  shown  by  Fig.  5. 

The  batteries  are  normally  opposed  and  the  ou^rents  then 
take  the  directions  shown  in  the  illustration.  When  the  distant 
battery  is  reversed  the  current  in  the  home  relay  is  also  reversed 
and  the  relay  then  responds;  a  reversal  of  the  home  battery  does 
not  change  the  direction.  The  home  artificial  line  is  balanced 
as  before,  by  disconnecting  the  distant  battery  and  grounding; 
when  a  perfect  balance  is  thus  obtained  there  will  be  no  ciurent 
whatever  in  the  home  relay,  because  it  occupies  a  position  in 
the  circuit  which  is  analogous  to  the  galvanometer  in  a  balanced 
Wheatstone  bridge. 

The  terminal  conditions  will  be  discussed  with  the  aid  of  Fig.  6. 

The  effective  terminal  resistance  is  equal  to  the  total  resistance 
of  a  Wheatstone  bridge  of  which  the  lower  arm  r%  is  the  gal- 
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vanometer,  measured  from  line  to  earth.     This  is 

riri(2r2+rz)+ri  u  (r  i + 2_r8)  +  r$  ujji  -ffa)  ,-«v 

'  fs  (fi+fs)  +  (r2+r4)  (rH-2  r,)  ^'^^ 

and  therefore 

The  effective  e.m.f.  is 

^ ,_ r        fi  fs+f4  (ri+2  fz)        n  .   . 

An  investigation  of  the  circuit  to  determine  £i  in  terms  of 
JEo,  I\  and  the  several  resistances  gives 

E,^Eo'-roIi  (76) 

This  simple  expression  can  now  be  employed  in  the  general 
formulae  developed  for  the  differential  duplex.  It  is  necessary, 
however,  to  have  an  expression  for  the  current  in  the  relay 
(which  is  the  leg  fi)  in  terms  of  the  main  line  current  Ji. 

If  Jo  is  the  current  in  the  relay,  the  expression  for  it  is 

r  -     ^^  Eo-rt  (2  ri+r»+f4)  /i  .„. 

'    fs  (r,+r3)  +  (r2+r4)  (ri+2  rz)  ^'^^ 

The  apparent  outgoing  resistance  of  the  line  is  given  by  (48) 
and  (49).     The  value  of  the  artificial  line  resistance  in  this  case  is 

and  when  j3  /  is  large  the  expression  in  parentheses  is  substantially 
unity. 

No  further  discussion  will  be  given  of  this  type  of  duplex 
operation  because  the  differential  method  is  probably  the  one 
most  extensively  used.  In  carrying  out  the  full  solution  it 
should  be  remembered,  as  before,  that  the  limiting  condition  is 
the  lowest  operative  current  in  the  polar  relay. 
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Differential  Quadruplex.  Quadruplex  systems  fall  into  two 
general  classes,  the  differential  and  the  bridge  types..  The 
present  treatment  will  be  limited  to  the  former.  The  derivation 
of  a  differential  quadruplex  from  the  similar  type  of  polar  duplex, 
by  the  addition  of  a  neutral  relay  and  a  second  (larger)  source 
of  e.m.f,  is  very  familiar.  A  full  discussion  of  the  operation  of 
such  a  quadruplex  involves  the  consideration  of  sixteen  key 
combinations,  but  the  operation  of  the  polar  side  has  already 
been  explained  and  need  not  be  repeated.  Considering  the 
neutral  side  alone,  there  are  only  four  key  combinations  to  dis- 
cuss, with  the  provision  that  these  combinations  should  be  con- 
sidered in  one  case  with  the  batteries  in  opposition  and  in  the 
other  in  conjunction. 

For  the  purpose  of  theoreti- 
cal treatment,  the  essential 
portion  of  the  quadruplex 
which  represents  the  neutral 
side  is  given  in  Fig.  7,  and 
will  be  referred  to  in  discuss- 
ing the  key  combinations. 

The  neutral  relay  is  differ- 
entially connected,  like  the 
polar  relay,  but  not  being  polarized  it  cannot  respond  to  current 
reversals;  it  works  instead  on  a  current  margin,  quite  like  a 
simple  relay  in  a  simplex  circuit  when  there  is  considerable  leak- 
age. When  the  batteries  are  in  opposition  and  the  ratio  of 
e.m.fs.  is  3:1,  the  relative  currents,  assuming  a  perfectly  insu- 
lated line,  are  given  in  Table  II. 

TABLE  II 

ELEMENTARY  OPERATION  OP  NEUTRAL  SIDE  OP  DIFFERENTIAL 

QUADRUPLEX 


Fig.  7. — Circuit  of  neutral   side 
of  dififerential  quadruplex. 


Key 

Rday  at  X 

Relay  at  Y 

at  X 

at  Y 

/i        1       /i' 

/i+V 

h 

W 

/a+V 

open 

« 

doaed 

m 

open 
doaed 

m 

open 

0 
+2 

0 
—2 

+1 
+1 
+3 
+3 

+1 
+3 
+3 
+1 

0 
—2 

0 
+2 

+1 
+3 
+3 
+1     . 

+1 
+1 
+3 
+3 

The  relays  respond  to  a  relative  current  strength  of  ±3, 
but  remain  normal  on  ±1.  When  one  of  the  complete  batteries 
is  reversed  the  results  are  the  same,  but  the  current  directions 
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are  changed.     Assuming  that  the  whole  battery  at  Y  is  reversed, 
the  relative  currents  are  those  shown  in  Table  III. 

TABLE  HI 

ELEMENTARY  OPERATION  OP  NEUTRAL  SIDE  OP  DIPPERENTIAL 
OUADRUPLEX 


Key 

Relay  at  X 

Relay  at  Y 

at  X 

at  Y 

h 

// 

/a+V 

K 

v 

/i+V 

open 

u 

closed 

u 

open 
cloeed 

m 

Open 

—2 
—6 

+1 
+1 
+3 
+3 

—1 
—3 
—3 

—1 

+2 
+4 
+6 
+4 

—1 

—3 
—3 
—1 

+1 
+1 
+3 

+3 

The  terminal  conditions,  except  for  the  impressed  e.m.f., 
are  the  same  as  those  given  in  the  discussion  of  the  differential 
duplex. 

£i=£o'-ro/i  (78) 


^''(fTfV) 


(79) 


ro=ri+ 


rjfj 


U+r% 


(80) 


and  the  value  of  fs  is  given  by  (60).  In  this  case  the  resistance 
fi  includes  both  the  polar  and  the  neutral  relays.  The  value 
of  -Eo  here  assumed  is  the  low  value,  sufficient  only  for  operating 
the  polar  side.  The  high  value  of  e.m.f.  is  assumed  to  be 
/>£o  and  the  ordinary  value  of  p  is  anywhere  between  three 
and  four.     The  terminals  are  assumed  to  be  identical. 

Taking  first  the  case  when  the  batteries  are  in  opposition,  the 
constants  A  and  B  are  given  by  (66)  and  (67).  The  line  current 
at  X  when  the  keys  are  normal  is  the  same  as  (69),  or 


_(^)a-e-'')_£o; 


(81) 


When  the  battery  at  Y  has  p  times  its  normal  value,  the 
constants  are 


A  = 


1 -««€-»'" 


(82) 
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-^^  il-p  a  e-O')  Eo' 
B ——,    --.—an (83) 

and  the  line  current  at  X  is 

-^-^  [(1+a  e-^i>')-p  (1+a)  €-"']  £o' 

The  current  in  the  artificial  line  is 

The  direction  of  the  net  magnetizing  current  in  the  neutral 
relay  has  no  effect  upon  the  operation  and  if  4^  is  the  limit  of 
releasing  to  operating  current,  then 

^-T^  (86) 


Or, 


£»-(2f,+f,)/i  . 


If  the  values  of  (81)  and  (84)  are  substituted  in  (87)  and  use  is 
again  made  of  the  approximation, 

rz=K+ri  (88) 

then  the  final  value  of  <f>  is, 

/>— a  €" 


The  next  case  to  consider  is  that  of  batteries  in  conjunction. 
When  the  batteries  are  equal  the  line  current  is  the  same  as 
(38)  and  when  the  battery  at  Yisp  Eo  the  constants  A  and  B  are 

^"•"^    (p+a  €-!>')  €-0'Eo' 


i±^(l+/»ae-«")£.' 
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and  the  line  current  at  X  is 

-^±^  l(l+a  c-^/'O+Z' (l+«)  €-^n  £/ 
The  value  of  4>  in  this  case  is 

*-,^^^  (») 

Expressions  (89)  and  (93)  are  reducible  to  the  same  form,  or 
l8 /.=  2.303  logio(±^)  (94) 


where 


"-X-T  "" 


If  the  terminal  resistance  fo  is  equal  to  the  line  resistance  K, 
the  value  of  a  is  zero  and  obviously  in  that  case 

<A=}  (96) 

This  means,  in  short,  that  no  matter  how  great  the  value  of 
/3  /  may  be,  the  ratio  of  the  net  magnetizing  currents  in  the  home 
relay  will  be  the  ratio  of  minimum  to  maximum  e.m.f .  at  the  far 
terminal.  This  ratio  is  not  absolutely  exact  because  it  depends 
upon  the  approximation  of  (88),  but  the  error  is  negligible  for 
large  values  of  /3  /,  or  at  the  limit  of  working. 

While  the  line  might  be  indefinitely  long,  apparently,  in  the 
critical  case  of  a  =  0,  it  is  clear  at  the  same  time  that  the  net 
magnetizing  currents  will  progressively  diminish  as  the  length 
of  the  line  increases.  Therefore  the  practical  operative  limit 
is  fixed  by  the  lowest  value  of  net  magnetizing  current  to  which 
the  relay  will  respond  in  commercial  operation.  Let  m  be 
this  limit;  then 

m^lA'-h'  (97) 

_   -Eo  —  ^2  I\  r  I 

^I\ 


fa+fs 
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Substituting  the  values  of  //  for  batteries  in  opposition  and 
batteries  in  conjunction,  from  (84)  and  (92)  respectively,  and 
again  observing  the  approximation  of  (88),  it  can  be  shown  that 


2.303 


-['-^Wp-^^±?^]^-<if«'+-](») 


'-    iS    ' 

Lu^ioi  ■ 

2m'      '   ^L    2m 

where 

m  =         p 

(100) 


The  =F  sign  under  the  radical  is  negative  for  batteries  in 
opposition  and  positive  for  batteries  in  conjunction.  The 
operating  limits  in  the  two  cases  are  not  quite  equal,  but  the 
difference  is  slight  and  becomes  zero  in  the  critical  case  when 
a  =  0.  The  maximum  value  of  /,  when  j8  is  fixed,  corresponds 
to  maximum  values  of  a,  p  and  Eq  and  a  minimum  value  of  m, 

III.  Values  of  Insulation  Resistance 
The  calculation  of  limiting  distances  or  line  lengths,  with  wires 
of  given  resistances,  depends  critically  upon  the  minimum 
value  of  insulation  resistance.  This  value  will  obviously  occur 
during  heavy  or  prolonged  rainfall,  or  perhaps  during  very  heavy 
mist  or  fog.  The  atmospheric  conditions  vary  greatly  with 
locality  and  for  present  purposes  it  is  necessary,  if  possible, 
to  consider  the  average  locality.  It  will  be  assumed  that  low 
insulation  due  to  preventable  causes,  such  as  foliage  and  foreign 
contacts,  is  substantially  absent. 

Insulator  types  have  gone  through  a  long  process  of  evolution, 
but  the  types  now  used  for  telegraph  lines  have  been  practically 
standard  for  many  years.  Glass  has  been  the  material  used 
almost  exclusively,  in  the  double  petticoat  form.  Porcelain  has 
been  used  to  some  extent,  but  not  generally.  Considering 
the  advantages  of  porcelain  and  the  favorable  experience  had 
with  it  in  some  recent  instances,  it  would  appear  to  be  the 
superior  material. 

It  should  be  borne  in  mind  that  the  leakage  path  of  most  conse- 
quence is  over  the  wet  surface  of  the  instilator  and  rarely  through 
its  body.  The  dry  resistances  of  glass  and  well  glazed  porcelain 
are  both  sufficiently  high  to  be  negligible  quantities  in  relation 
to  line  leakage;  and  if  neither  absorbs  an  apparent  amount  of 
moisture,  the  internal  conductivity  is  always  negligible. 
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But  the  surfax:e  conditions  are  most  important,  and  the  surface 
leakage  is  the  principal  factor  in  the  line  leakage  as  a  whole. 
Apparently  these  conditions  have  not  been  studied  as  they  should 
be;  in  particular,  the  standard  test  of  telegraph  insulators  has 
been  for  many  years  to  invert  them  and  partly  immerse  in  water, 
also  filling  the  hollow  interior  with  water,  and  measuring  the 
insulation  resistance  between  the  two  bodies  of  water.  This  is 
an  excellent  test,  after  a  long  soaking,  of  the  resistance  of  the 
insulating  material  itself,  but  it  bears  little  relation  to  the  con- 
ditions of  service.  The  test  of  most  importance  is  the  leakage 
from  line-wire  to  pin,  in  normal  position  on  a  cross-arm,  with 
precipitation  at  the  heaviest  natural  rate,  both  vertical  and 
inclined.  It  is  especially  important  to  have  the  insulator  in 
position  on  a  cross-arm,  so  as  to  secure  the  rebounding  or 
spattering  effect  of  the  rain  drops  on  the  top  of  the  arm  near  the 
'  insulator,  which  tends  to  wet  the  under  side  of  the  petticoats 
and  break  down  the  surface  insulation. 

Glazed  porcelain  and  glass  have  surface  characteristics  of 
considerable  difference.  The  surface  of  the  glaze  on  porcelain 
is  somewhat  smoother  than  glass  and  appears  to  wet  less  readily. 
There  is  already  some  experimental  evidence  that  porcelain 
instilators  of  the  standard  glass  form  give  superior  insulation, 
but  the  whole  subject  needs  further  investigation.  No  doubt  the 
present  lack  of  data  is  due  in  considerable  part  to  the  faults  of 
the  method  of  testing  which  has  been  so  long  in  vogue. 

Referring  now  to  the  standard  type  of  glass  insulators,  the 
insulation  resistance  of  a  line  in  perfect  physical  condition  and  in 
a  pure  dry  atmosphere  will  be  comparatively  high,  perhaps 
fifty  megohms  per  mile.  Assuming  forty  insulators  per  mile, 
this  implies  about  two  thousand  megohms  per  insulator.  During 
heavy  rainfall  the  same  line  may  have  an  insulation  resistance 
of  less  than  one  megohm  per  mile,  or  forty  megohms  per 
insulator. 

The  atmospheric  purity  has  a  great  deal  to  do,  however,  with 
the  whole  question.  Dust  is  ordinarily  present  in  some  degree 
and  forms  a  coating  on  the  insulator,  which  impairs  its  insula- 
tion resistance,  particularly  when  wet.  Where  smoke  and  soot 
from  soft  coal  are  present,  as  in  many  of  our  cities  and  nearly 
always  in  industrial  regions,  the  insulation  is  greatly  impaired. 
In  the  last  case  it  may  fall  to  a  few  hundredths  of  a  megohm 
per  mile  in  the  worst  weather. 

The  late  Franklin  Leonard  Pope  discussed  the   subject    of 
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insulation  at  some  length  in  his  work*  on  telegraphy.  He  gave 
as  the  average,  during  rainfall  in  dean  country,  60  to  100  meg- 
ohms per  insulator;  and  in  cities,  4  to  6  megohms  per  insulator. 
In  the  Pittsburg  district  the  resistance  was  less  than  one  megohm 
after  two  years  of  service.  He  gave  as  the  average  for  the  middle 
and  northern  states  9  megohms  per  insulator,  minimum. 

In  the  author's  experience  the  insulation  resistance  has  been 
observed  to  fall  to  a  fraction  of  a  megohm  per  mile  in  the  worst 
weather,  as  a  rule,  but  rarely  below  0.25  megohm.  Values  less 
than  the  last  figure  will  be  found,  of  course,  but  not  for  lines  of 
any  great  length  in  the  eastern  and  central  states.  The  character 
of  the  right-of-way  has  a  good  deal  of  influence  on  the  minimum 
values  and  in  this  respect  country  highways  are  superior  to 
steam  railroads.  The  best  type  of  insulator  is  hardly  too  good 
for  right-of-way  of  the  latter  class. 

The  poles  and  cross-arms  furnish  considerable  insulation  when 
dry  (referring  to  timber  construction),  but  only  a  slight  amount 
when  thoroughly  wet.  A  wet  pole  probably  adds  about  15  per 
cent  to  the  instilation  provided  by  the  insulator  alone;  this 
figiure  resulted  from  several  tests  given  by  Mr.  Pope.  The  old 
practice  of  installing  a  ground  wire  along  the  pole  tops,  unin- 
stilated,  practically  eliminates  whatever  insulation  the  poles 
provide.  A  grotmd  wire  affords  tmdoubted  protection  against 
lightning,  and  if  properly  insulated  from  the  poles  and  periodi- 
cally grounded  through  properly  insulated  connections  it  would 
seem  to  be  a  good  investment. 

Two  types  of  pin  have  long  been  standard.  The  steel  type, 
with  a  wooden  thimble,  has  been  extensively  employed  in  tele- 
graph construction,  but  is  less  efficient  from  the  standpoint  of 
insulation  than  the  all-wood  pin  made  of  locust.  The  latter 
type  is  also  the  cheaper  of  the  two. 

The  practice  of  installing  bare  lightning  rods  on  about  every 
tenth  pole  (four  per  mile)  reduces  the  pole  insulation  somewhat 
and  it  has  been  claimed  that  the  effect  on  telegraph  transmission 
is  detectable. 

The  matter  of  vigilant  maintenance  to  keep  broken  insulators 
replaced,  foliage  trimmed  and  all  foreign  contacts  clear  cannot 
be  over-estimated  in  importance.  Frequent  periodical  inspec- 
tions are  absolutely  essential  in  securing  the  best  results.  Coupled 
with  this  there  should  be  frequent  periodical  tests  of  insulation 
resistance.    A  full  discussion  of  the  voltmeter  method  of  meas- 

♦••  Modern  Practice  of  the  Electric  Telegraph;"  New  York,  1892. 
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uring  insulation  resistance  has  been  given  elsewhere  by  the 
author*  and  will  not  be  repeated. 

Another  feature  worthy  of  mention  is  the  insulation  of  bridle 
cables  and  office  wiring;  and  in  railroad  practice,  where  inter- 
mediate offices  occur  with  considerable  frequency,  it  is  very 
essential  to  look  after  these  parts  of  the  circuit.  For  conven- 
ience in  testing  there  should  be  test  panels,  of  the  telephone 
jack  and  plug  type,  at  all  terminals  and  intermediate  offices. 
It  is  frequently  convenient  to  install  test  poles,  also,  where  the 
lines  are  normally  closed,  with  through  line  connectors. 

Returning  to  specific  insulation  values,  it  is  believed  to  be 
safe  and  conservative  to  base  calculations  for  line  conductors 
on  an  insulation  resistance  of  0.25  megohm  per  mile,  or  10  meg- 
ohms per  insulator  in  a  line  with  forty  insulators  per  mile.  Local 
conditions  naturally  decide  the  value  to  be  used  in  specific  work, 
but  for  the  discussion  of  average  conditions  and  in  all  subsequent 
calculations  this  value  will  be  employed. 

IV.  Transmission  Requirements 

The  general  theory  will  now  be  applied  to  the  actual  de- 
termination of  the  conductor  properties,  for  each  type  of  trans- 
mission, over  given  distances.  The  value  of  insulation  resistance 
used  in  all  cases,  unless  otherwise  stated,  will  be  0.25  megohm 
per  mile. 

Simplex.  Expression  (41)  cannot  be  employed  for  numerical 
calculations  until  the  value  of  <f>  is  determined  for  relays  of  the 
standard  type. 

The  standard  relay  for  many  years  was  one  of  150  ohms  re- 
sistance, wound  with  about  8,600  turns  of  No.  30  single  silk- 
covered  copper  wire.  The  standard  adjustments  are  tension  of 
retractile  spring,  length  of  air  gap  between  poles  and  armature 
and  play  or  stroke  of  armature.  The  last  is  the  least  im- 
portant, except  to  emphasize  that  it  should  be  as  small  as  possible. 

Such  a  relay  was  set  up  for  laboratory  test  and  first  tested  for 
the  exact  limits  of  operating  and  releasing  current.  The  mean 
of  19  tests  showed  that  the  average  difference  between  the 
operating  and  releasing  currents  was  0.003  ampere,  with  a  maxi- 
mum of  0.004  and  a  minimum  of  0.002.  Meanwhile  the  air  gap 
was  varied  from  minimum  to  maximum  and  the  spring  tension 

•*•  The  Measurement  of  Distributed  Leakage  on  Transmission  Lines;" 
Electrical  World,  February  6,  1904.  *'  The  Voltmeter  Method  of  Measur- 
ing Insulation  Resistance;*'  Telephony,  September  11,  1909. 
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was  similarly  varied,  employing  all  combinations  of  both.  Under 
these  conditions  the  relay  action  is  very  slow,  of  course,  being  at 
the  Umits  of  actuation.  In  order  to  respond  at  commercial 
speeds  (hand  sending)  the  margin  cannot  be  less  than  0.010 
ampere,  and  at  this  figure  the  range  of  adjustment  without 
upsetting  the  operation  is  very  limited.  Table  IV  shows 
various  possible  values  of  operating  and  releasing  currents  and 
the  corresponding  values  of  <l>  and  n. 

TABLE  IV 
COMMERCIAL  VALUES  OP  0  AND  n  FOR  160  OHM  RELAY 


Operating 
current 

Releasing 
current 

Margin 

Value 
of  ^ 

Value 
of  n 

0.050 

0.0400 

O.OIOO 

0.80 

5.00 

0.0376 

0.0125 

0.75 

4.00 

* 

0.0360 

0.0150 

0.70 

3.33 

0.0325 

0.0175 

0.65 

2.96 

0.0300 

0.0200 

0.60 

<>.60 

0.0250 

0.0250 

0.50 

2.00 

There  is  a  slight  advantage  in  making  the  operating  current  as 
large  as  possible,  because  the  corresponding  values  of  n  will  then 
be  a  maximum.  There  is  also  a  further  advantage  in  the  added 
firmness  of  relay  operation. 

Similar  tests  of  a  standard  35-ohm  relay  showed  an  absolute 
margin  of  0.006  to  0.008  ampere,  or  about  double  the  lower  limit 
of  a  150-ohm  relay.  In  order  to  secure  equal  advantage  with 
150-ohm  relays  in  commercial  service,  the  operating  current 
must  be  somewhat  larger  than  0.050  ampere.  When  the  oper- 
ating current  is  0.060  ampere,  the  commercial  limit  of  releasing 
current  is  about  0.045  ampere.  In  all  cases  the  operating  Umit. 
with  either  relay,  is  obtained  with  the  maximum  width  of  air 
gap  and  a  relatively  high  spring  tension,  which  is  the  character- 
istic adjustment  for  operation  on  leaky  lines. 

It  is  also  necessary  to  choose  a  representative  value  of  terminal 
resistance,  including  the  complete  wiring,  equipment  and  e.m.f . 
source,  from  open  line  to  earth.  A  value  of  300  ohms  has  been 
selected.  This  will  vary,  naturally,  with  local  conditions  and  the 
value  adopted  will  be  too  high  in  some  cases  and  too  low  in 
others.  It  will  be  shown  later  that  it  is  very  important'  to  keep 
this  resistance  as  low  as  possible. 
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Adopting  these  values  of  n  and  fo,  as  given  below,  the  ex- 
pression in  (41)  has  been  employed  to  calculate  various  values  of 
/  for  given  values  of  r . 


(101) 


TABLE  V 
MAXIMUM  PERMISSIBLE  LENGTH  OP  LINE  FOR  VARIOUS  RESISTANCES 

PER  MILE 


Resistance 
per  mile 

or  length  of  line 

2  ohms 

597  miles 

3 

610 

4 

450 

6 

376 

8 

331 

10 

299 

15 

248 

20 

217 

25 

195 

30 

179 

40 

156 

50   '; 

140 

The  results  presented  in  Table  V  emphasize  the  need  of  dimin- 
ishing wire  resistance  for  increasing  distances,  assuming  con- 
tinuous service  through  all  weather.  They  also  emphasize  the 
possibility  of  economizing  in  conductor  cost  by  the  use  of 
cheaper  and  higher  resistance  materials  than  copper  for  the  lines 
of  medium  length  or  less.  Thus  No.  9  B.  &  S.  copper  wire  has  a 
limit  of  nearly  450  miles  (724  km.) ;  it  is  obviously  bad  economy 
to  employ  the  same  wire  for  a  200-mile  (322  km.)  line,  where  the 
conductivity  of  a  No.  16  B.  &  S.  copper  wire  meets  the  require- 
ments. 

It  becomes  possible,  with  these  results,  to  make  a  rigid  com- 
parison of  the  first  cost  and  the  annual  charges  for  various  con- 
ductor materials,  under  like  or  known  conditions  of  service. 

The  properties  of  the  relay  are  by  no  means  unimportant  in 
their  effect  on  the  limit  of  working  distance  or  line  length.     The 
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following  Table  VI  illustrates  the  variation  in  the  line  length 
with  variable  values  of  <^,  for  a  wire  of  10  ohms  per  mile  (1.6  kg.). 

TABLE  VI 

EFFECT  OP  RELAY  CHARACTERISTICS  ON  THE  LENGTH  OP  A  LINE  OP 

10  OHMS  PER  MILE 


Value 
of  0 

Value 

of  n 

Limitinff 
length  of  line 

0.80 

5.00 

335  miles 

0.76 

4.00 

299 

0.70 

3.33 

269 

0.65 

2.96 

249 

o.eo 

2.50 

221 

0.50 

2.00 

181 

This  table  shows  not  only  that  the  relay  characteristics  have 
an  important  bearing,  but  it  illustrates  the  fact  that  the  inability 
of  a  telegraph  operator  to  adjust  his  relay  properly  will  produce 
the  same  results  as  an  inefficient  relay. 

In  fact  any  influence  which  tends  to  reduce  the  relay  margin 
tends  at  the  same  time  to  increase  the  cost  of  transmission  by 
requiring  a  wire  of  greater  conductivity.  For  example,  the 
practice  of  operating  two  or  more  lines  from  a  single  gravity 
battery  produces  this  result,  because  of  the  comparatively  high 
internal  resistance.  The  latter  in  turn  causes  the  terminal 
e.m.f.  to  change  every  time  any  line  circuit  opens  or  closes,  and 
thus  disturbs  the  current  values  in  every  other  line.  Under 
such  conditions  a  value  of  <^  as  high  as  0.75  can  rarely  be  main- 
tained, if  at  all.  If  the  normal  line  current  of  0.050  ampere  is 
reduced  somewhat,  the  effect  is  reduced  also;  but  this  probably 
introduces  a  small  loss  in  the  value  of  0,  even  with  a  constant 
e.m.f.  It  is  quite  possible  to  compute  the  exact  effect,  in  terms  of 
aimual  charges,  of  adding  a  second  line  circuit  to  a  gravity 
battery;  but  the  problem  will  not  be  undertaken  here.  It  is 
fairly  clear,  however,  that  the  practice  ought  to  be  condemned 
where  very  long  lines  are  supplied  from  any  type  of  e.m.f.  source 
having  high  internal  resistance. 

The  results  already  presented  deal  with  through  circuits, 
without  intermediate  offices.  Way  stations  are  ordinarily 
distributed  with  fair  regularity,  as  a  study  of  railroad  mileages 
between  stations,  for  example,  will  show.  For  way  circuits 
the  36-ohm  relay  is  particularly  adapted  because  of  its  low  re- 
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sistance.  When  the  stations  are  distributed  at  fairly  uniform 
intervals  there  is  a  very  small  error  in  assuming  that  the  re- 
sistance of  the  intermediate  relays  acts  as  though  it  were  uni- 
formly distributed  in  the  line  wire  itself.  Relays  of  35  ohms, 
distributed  every  10  miles  (16  km.)  may  therefore  be  assumed  to 
increase  the  wire  resistance  3.5  ohms  per  mile;  and  every  5  miles 
(8  km.),  to  increase  it  7.0  ohms  per  mile.  The  restdts  are  as 
follows,  showing  the  comparison  with  Table  V,  given  in  Table  VII. 


TABLE  VII 

EPPBCT  OP  36-OHM  INTERMEDIATE  RELAYS  ON  THE  MAXIMUM 

PERMISSIBLE  LINE  LENGTH 


Resistance 
of  wire 
per  mile 

Limiting  length  of  line 

Through 
circuits 

Way  stations  every 

10  miles 

5  miles 

2  ohms 

597  miles 

391  miles 

313  mUes 

3 

510 

363 

299 

4 

450 

341 

286 

6 

376 

305 

265 

8 

331 

280 

248 

10 

299 

260 

234 

15 

248 

225 

208 

20 

217 

201 

188 

25 

195 

183 

174 

30 

179 

170 

162 

40 

156 

150 

144 

50 

140 

« 

The  effect  of  intermediate  offices  is  more  marked,  naturally, 
on  the  longer  lines  of  relatively  low  wire  resistance.  But  40 
offices  is  probably  the  extreme  limit  on  way  wires;  at  average 
intervals  of  5  miles  (8  km.)  the  increased  conductivity  required, 
as  compared  with  a  through  wire,  is  not  very  marked,  while 
a  10-mile  (16-km.)  interval  requires  a  much  larger  increase, 
relatively. 

The  result  expressed  in  (41)  is  not  in  the  proper  form  to  find  r, 
the  wire  resistance,  directly  in  terms  of  /,  the  line  length.  But 
(41)  can  be  put  in  another  form,  as  given  below. 


w= 


0.1886  17  gP 


(102) 


[logio  ( 


n(l+a)+x/nMl+«)'- 


ii)j' 
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where  W^the^weight  of  the  mile-ohm  in  pounds  per  mile. 
g= leakage  conductance  per  mile  in  mhos. 
/=the  desired  length  of  line. 
tt;  =  the  necessary  weight  of  line-wire  in  pounds  per  mile. 

This  expression  is  suited  for  approximate  calculations  in  al- 
most any  case,  but  exact  values  cannot  be  obtained  imless  the 
value  of  a  is  known  in  advance.  The  value  of  a  depends  in 
part  on  the  result,  and  a  sensible  error  in  the  assumed  value  will 
produce  some  error  in  the  result  and  necessitate  re-calculation. 

The  expression  is  of  special  interest,  however,  because  it  shows 
that  for  constant  values  of  n,  a,  g  and  W,  the  cost  of  the  wire  per 
mile  increases  as  the  square  of  the  length  of  the  line;  and  the 
cost  of  the  whole  wire  increases  as  the  cube  of  the  length.  The 
cost  of  the  entire  line  construction  will  not  increase  quite  as 
rapidly,  however,  because  there  are  other  elements  in  the  unit 
cost  which  increase  but  slowly  with  the  weight  per  mile  and  not 
at  all  with  the  length. 

It  is  quite  clear  from  this,  without  further  analysis,  that  there 
will  be  an  economic  limit  to  the  line  distance  which  can  be 
operated  without  automatic  repeaters.  This  should  hold,  at 
any  rate,  for  circuits  where  the  number  of  repeater  sets  is  within 
the  limits  of  commercial  operation.  In  transcontinental  cir- 
cuits, of  great  length,  the  number  of  repeater  sets  necessary 
from  the  standpoint  of  economics  may  exceed  the  number  which 
is  permissible  from  the  standpoint  of  satisfactory  speed.  Five 
or  six  sets  is  probably  the  limit  from  the  last  point  of  view. 

An  inspection  of  (41)  to  ascertain  the  maximum  value  of  /, 
when  j8  is  constant,  shows  that  n  and  a  should  each  be  a  maxi- 
mum. The  values  of  n  have  already  been  discussed.  The 
maximum  value  of  a  is  +1,  when  ro  =  0;  the  minimum  value  is 
—  1,  when  fo=<»  or  the  terminal  circuit  is  open.  Expression 
(41)  can  be  altered  slightly  in  form,  to 


,     2.303 


^.o..[.(^W(^)'-^)]  aos, 

Or. 

/-/,+/'  (106) 
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where  • 


,      2.303  , 

8    "^^Sio» 


1716 


(106) 


and 


<'.^f?.o...('^+^+V('r)"-^r)       (107) 


When  ro  =  K  there  is  no  terminal  reflection  and  a  =  0. 
that  case  the  value  of  /'  is  zero  and  therefore 


In 


and  if  «  =  4, 


,     ,       2.303  , 

l  =  lo=    -g  -  logion 


(108) 


/  = 


1.387       1.387 


iS 


Vr 


g 


(109) 


When  a  is  positive  the  value  of  /'  is  positive  and  when  a  is 
negative  the  value  of  /'  is  also  negative.  In  other  words,  any 
value  of  a  less  than  zero  is  a  detriment  to  transmission  and  any 
value  greater  than  zero  is  a  help.  The  following  Table  VIII 
shows  the  value  of  the  logarithmic  portion  of  expression  (107) 
for  various  values  of  a,  when  n  =  4.0. 

TABLE  VIII 
VALUES  OF  LOGARITHMIC  ELEMENT  IN  TERMINAL  EFFECT 


Value  of  a 

('?A 

/e?/-i) 

„,<.) 

1.0 

1.068 

0.2940 

0.8 

1.772 

0.2485 

0.6 

1.576 

0.1976 

0.4 

1.382 

0.1405 

0.2 

1.190 

0.0756 

0.0 

1.000 

0.0000 

—0.2 

0.815 

—0.0888 

—0.4 

0.639 

—0.1946 

—0.6 

0.485 

—0.3143 

—0.8 

0.345 

—0.4622 

—1.0 

0.250 

•     —0.6021 
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By  referring  to  (104)  it  is  apparent  that  a  comparison  of 
logio  n  with  the  last  column  of  Table  VIII  will  show  the  relative 
effects  of  terminal  reflection,  or  the  terminal  gains  and  losses. 
When  n  =  4.0,  the  value  of  logio  n  is  0.6021.  The  next  suc- 
ceeding table  shows  the  ratio  of  /'  to  h  when  n  =  4,  and  also  the 
values  of  /'  and  /o  for  a  line  of  10  ohms  wire-resistance  per  mile. 
In  this  case, 


and 


i3  =  \/l0X4Xl0-«  =  0.006325 
/o  =  219.2  miles  (352.75  km.) 


(110) 
(111) 


Care  should  be  taken  in  such  calculations  as  these  to  use  the 
true  logarithms  of  numbers  less  than  zero,  instead  of  the  ordinary 
cologarithms. 

TABLE  IX 
EFFECTS  OF  TERMINAL 


Value 

of  a 

77 

Line  of  10  ohms  per  mile                         ' 

*o                            V 

*o+r 

1.0 

48.8% 

210 

107 

326 

0.8 

41.3 

90 

310 

0.6 

,    32.8 

72 

291 

0.4 

23.3 

51 

270 

0.2 

12.6 

28 

247 

0.0 

00.0 

0 

219 

—0.2 

—   14.7 

—  32 

187 

—0.4 

—  32.3 

—  71 

148 

—0.6 

—  52.2 

—114 

105 

—0.8 

—  76.8 

* 

—168 

51 

—1.0 

—100.0 

—219 

0 

The  benefits  of  a  relatively  large  value  of  a  are  fully 
apparent  from  the  table.  This  means  that  the  terminal 
resistances  should  be  as  small  as  possible  in  every  case.  This  is 
a  precaution  which  is  much  neglected  in  practice,  but  ought  to 
receive  careful  attention.  Where  generator  sources  of  e.m.f. 
are  employed,  the  protective  lamp  resistances  should  be  graded 
in  proportion  to  the  voltage. 

It  also  shows  that  when  the  cost  of  current  supply  from  bat- 
teries is  compared  with  the  cost  of  current  from  generators  or 
storage  batteries,  for  example,  the  effect  of  the  respective  in- 
ternal or  protective  resistances  should  be  taken  duly  into  account. 
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If  the  total  internal  resistances  of  the  e.m.f.  sources  and  their 
protective  devices  are  not  alike,  the  one  which  has  the  highest 
resistance  will  be  the  least  efficient  and  can  only  be  compensated 
for  by  an  increase  in  the  conductivity  of  the  line,  with  attendant 
increase  in  investment  and  annual  charges.  When  a  generator 
source  is  employed  there  should  but  one  line  supplied  through 
any  lamp  (protective  resistance) — or  one  lamp  per  line. 

Duplex.  Expressions  (67)  and  (68)  cannot  be  employed 
for  calculations  until  the  operating  characteristics  of  polar 
relays  have  been  determined  and  representative  values  of 
terminal  resistance  chosen. 

Three  typical  polar  relays  were  tested  to  find  the  lowest 
commercial  reversing  ciurent  when  energizing  one-half  of  the 
relay,  or  one  of  the  half- windings.  The  "  Bunnell  "  type  is  one 
of  the  earliest  relays  employed  in  duplex  service  and  is  still  used. 
More  recently  the  "  Stroh  **  type  has  come  into  use,  both  for 
duplex  and  quadruplex  service.  Table  X  shows  the  results 
of  these  tests. 

TABLE  X 
TESTS  OP  POLAR  RELAYS 


Type  of 
relay 

Total 

resistance 

(ohms) 

Reversing  current 

Minimum 
(amperes) 

Commercial 
(amperes) 

Bunnell 

Stroh 

750 
600 
800 

0.002 
0.002 
0.002 

0.004 
0.004 
0.004 

The  minimum  ciurent  upon  which  the  relay  will  reverse,  as 
above  given,  is  the  extreme  limit  and  does  not  operate  the  relay 
fast  enough  or  firmly  enough  for  commercial  service.  The 
commercial  value  given  in  the  table  is  sufficient  for  good  com- 
mercial service.  In  these  tests  every  effort  was  made  to  secure 
a  neutral  or  unbiased  adjustment,  with  the  smallest  practicable 
stroke  of  the  armature. 

The  normal  line  current  in  a  duplex  circuit,  with  the  batteries 
in  conjunction,  is  about  0.030  ampere.  Assuming  for  the 
moment  that  the  current  in  the  artificial  line  is  constant,  in- 
dependent of  battery  reversals,  it  is  obvious  that  expression 
(61)  for  ^  could  be  derived  instead  from 


^  = 


/i-2/o 
Ix 


(112) 
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where  /i  is  the  line  current  with  batteries  in  conjunction  and 
/o  is  the  minimum  value  of  reversing  ciurent.  If  the  value  of 
Iq  is  0.004  ampere  and  /i  is  0.030  ampere, 


0,030-0.008^     733 
0.030 


(113) 


The  value  of  ^  can  be  increased,  naturally,  by  increasing 
/i;  when  the  latter  is  0.040  ampere  the  value  of  ^  would  be 
0.800.  A  conservative  value  of  ^  is  probably  0.75  and  that 
value  has  been  used  in  the  calculations  which  follow. 

The  total  resistance  of  the  polar  relay  has  been  taken  as  800 
ohms  and  the  internal  battery  resistance  (or  protective  lamp 
resistance)  as  300  ohms,  or 


(114) 


The  substitution  of  these  values  in  (67)  and  (68)  gives  results 
shown  in  Table  XI. 

TABLE  XI 
MAXIMUM  PERMISSIBLE  LENGTH  OP  LINE  FOR  VARIOUS  RESISTANCES 

PER  MILE 


Resistance 
per  mile 

[ 
Limiting  distance                        | 
or  length  of  line 

2  ohms 

783  miles 

3 

658 

4 

580 

6 

486                                         1 

8 

425                                          ' 

1 

10 

384 

15 

318 

20 

278 

25 

250 

30 

229 

40 

200 

50 

180 

A  comparison  of  these  line  distances  with  those  for  simplex 
operation,  given  in  Table  V,  shows  considerable  increase,  which 
amounts  approximately  to  30  per  cent.     This  increased  effi- 
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ciency  is  due  mainly  to  the  fact  that  operation  is  secured  by 
battery  reversals.  In  simplex  operation  the  battery  is  merely 
disconnected,  but  the  efficiency  would  be  much  increased  if  the 
battery  were  reversed;  this  would  not  be  feasible,  however,  for 
circuits  with  intermediate  stations. 

It  will  be  seen  that  (67)  for  duplex  transmission  is  identical 
in  form  with  (41)  for  simplex  transmission,  although  the  values 
of  n  are  unlike.  The  same  conditions  in  general  hold  for  maxi- 
mum efficiency,  that  is,  maximum  values  of  n  and  a.  The  value 
of  n  can  be  increased  somewhat  at  the  expense  of  a,  but  it  is 
best  in  general  to  keep  the  terminal  resistance  as  low  as  possible. 

Quadruplex.  Three  t3rpes  of  neutral  relays  were  thoroughly 
tested  to  determine  their  operating  characteristics,  employing 
one-half  of  the  whole  winding  in  each  case.  A  summary  of 
these  tests  is  presented  in  Table  XII,  which  shows  the  lowest 
values  of  current  for  commercial  operation. 


TABLB  XII 
TESTS  OP  NEUTRAL  RELAYS 

Type  of  relay 

Total  resistance 
(ohms) 

Minimum  commercial 

operating  current 

(amperes) 

Poote-Pierson 

300 
300 
800 

odd 

Standard 

Frier 

The  absolute  margin  between  operating  and  releasing  currents 
in  the  Foote-Pierson  relay,  averaged  from  11  tests,  was  0.0074 
ampere,  with  a  maximum  of  0.010  ampere  and  a  minimum  of 
0.004  ampere.  The  value  of  4>  could  not  exceed  0.6  for  commer- 
cial operation. 

The  relay  of  the  standard  type,  which  had  short  magnet  cores, 
developed  an  absolute  margin  of  about  0.005  ampere.  This 
relay  was  wound  with  a  total  of  5,600  turns  of  No.  33  enamel 
wire. 

The  Frier  relay  is  a  self-polarizing  type  and  was  the  most 
efficient  of  the  three  tested.  The  average  of  10  tests  gave  an 
absolute  margin  of  0.0066  ampere,  with  a  maximum  of  0.008 
and  a  minimum  of  0.005  ampere. 

It  should  be  kept  in  mind  that  these  margins  are  the  extreme 
limit  of  operation  and  not  commercial.  The  lowest  commercial 
operating  currents,  using  one-half  of  the  whole  winding,  are 
given  in  Table  XII. 
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In  selecting  the  values  of  terminal  resistance  the  polar  relay 
has  been  assumed  to  have  400  ohms  and  the  neutral  relay  800 
ohms,  while  the  lamp  resistance  has  been  taken  as  600  ohms. 
The  use  of  the  Field  key  system  does  not  affect  the  case,  as  a 
consideration  of  that  system*  will  show. 

The  low  or  minimum  value  of  e.m.f .  has  been  taken  as  90  volts, 
with  a  ratio  of  3.5  to  1.0.  The  whole  set  of  assumed  conditions 
is  then, 

ri  =  600  ohms 
r2  =  600  ohms 
£o=  90  volts  (116) 

/>  =  3.5 
w  =  0.030  ampere 

The  substitution  of  these  values  in  the  formulae  for  quadruplex 
transmission  gives  the  following  results. 

TABLE  XIII 
MAXIMUM  PERMISSIBLE  LENGTH  OP  LINE  POR  VARIOUS  RESISTANCES 

PER  MILE 


Resistaace 
per  mile 

or  length  of  line 

2  ohms 

531  milea 

3 

442 

4 

386 

6 

313 

8 

268 

10 

236 

15 

186 

20 

156 

25 

135 

30 
40 

120 

98.7 

50 

84.3 

In  employing  expression  (99),  which  has  a  T  sign  under  the 
radical,  the  sign  was  always  so  taken  as  to  give  the  lowest 
value  of  /.     It  is  notable  at  once  that  these  operative  distances 

*See  the  Telegraph  and  Telephone  Age,  "  On  the  Resistances  to  Use 
in  the  Field  Key  System,"  October  1,  1910,  p.  666. 
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are  very  much  less  than  the  distances  for  duplex  transmission 
and  considerably  less  than  the  distances  for  simplex  transmission. 
This  result  is  ftilly  in  accord  with  experience,  which  shows  that 
the  neutral  side  of  a  quadruplex  always  fails  first,  as  bad  weather 
approaches;  and  the  neutral  side  is  less  stable  as  a  nile  than  a 
simplex  circuit  imder  like  conditions.  It  is  also  well-known  that 
duplex  transmission  has  the  greatest  margin  of  all  and  works 
under  conditions  so  severe  that  the  simplex  and  the  neutral 
side  of  the  quadruplex  fail  completely. 

Some  actual  results  of  quadruplex  operation  are  very  inter- 
esting in  this  connection.  The  operating  conditions  of  the  fol- 
lowing circuit  were  carefully  studied.  The  line  was  almost  exactly 
500  miles  (804.6  km.)  in  length,  of  No.  9  B.  &  S.  copper  wire, 
which  included  about  8,  miles  (12.8  km.)  of  underground  cable. 
The  e.m.fs.  at  one  terminal  were  290  volts  and  85  volts,  or  a 
ratio  of  1  to  3.4;  at  the  other  terminal  they  were  255  volts  and 
80  volts,  or  a  ratio  of  1  to  3.2,  so  that  an  average  ratio  of  1  to  3.3 
was  employed  in  calculations,  with  an  e.m.f.  of  85  volts. 

The  polar  relays  were  wound  to  a  total  of  180  ohms,  or  90 
ohms  per  side  and  the  neutral  relays  to  150  ohms  per  side.  The 
Field  key  system  was  employed,  but  the  lamp  resistance  was 
only  200  ohms  instead  of  the  usuai  600. 

The  resistance  of  the  artificial  line  for  a  balance  in  fair  weather 
was  2,990  ohms;  in  bad  weather  the  lowest  balance  at  which  all 
four  sides  of  the  quadruplex  would  operate  was  about  1,800 
ohms.  The  use  of  expression  (63)  to  find  the  value  of  r  under  the 
given  conditions, 

ri  =  240*  ohms 

f2  =  200  ohms 

r3  =  2,990+240  =  3,230  ohms 

/  =  500  miles 

gave  as  an  average  value 

f  =  5.12  (117) 

When  the  artificial  line  balance  was  1,800  ohms  it  was  found 
by  calculation  that  the  approximate  value  of  K  was 

if  =  2,000  (118) 

*A  value  of  250  ohms  was  used  in  later  calculations. 

Digitized  by  VjOOQIC 


(116) 


17^1i  FOWLE:  TELEGRAPH  TRANSMISSION        [June  28 

This  value  of  K  in  connection  with  the  predetermined  value 
or  r  gave, 


g  =  1.280X10-^  (119) 


and 


i3  =  2.560  X10-»] 
e'*' =3.597 
€-^'  =0.2780 
e~2^'  =0.07731 


(120) 


and 


a  »  0.6447  (121) 


Recalling  the  assumption  made  in  expression  (62),  it  is  well  to 
note  that  in  this  case 

f+^:^  =  0-9050  (122) 

instead  of  unity.    This  would  produce  some  error  in  the  previous 
formulae  for  duplex  and  quadruplex  transmission,  but  the  true 
values  of  K  and  r s  were  used  in  the  present  calculations. 
The  value  of  line  current  calculated  from  (81)  was 


Ji  =  0.01960 

(123) 

and  the  corresponding  current  in  the  artificial  line  was 

7^=0.03604 

(124) 

Therefore 

7^ -/i= 0.01654 

(126) 

The  value  of  line  current  calculated  from  (84)  was 

7i'= -0.01512 

(126) 

and 

7x'= 0.03912 

(127) 
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Therefore 

/a'-/i'  =  0.05424  (128) 

The  ratio  of  the  net  magnetizing  currents  in  the  relay  (half- 
winding)  is 

The  reciprocal  of  the  e.m.f.  ratio,  />=3.3,  is  0.303  and  this 
shows  that  the  ratio  of  magnetizing  currents  is  almost  exactly 
the  ratio  of  e.m.fs. 

The  least  value  of  magnetizing  ciurent  to  which  the  relay 
would  respond  commercially  is  about  0.054  ampere,  because  any 
increase  in  the  leakage  would  necessitate  a  lower  balance  than 
1,800  ohms,  which  in  turn  made  the  neutral  side  inoperative. 
The  reason  for  the  failure  is  found  in  the  fact  that  greater 
leakage  diminishes  the  magnetizing  currents. 
•  The  particularly  interesting  feature  is  the  fact  that  the 
neutral  relay  used  at  one  of  the  terminals  is  the  300-ohm  Foote- 
Pierson  relay  referred  to  in  table  XII  whose  minimum  operating 
current  for  commercial  service  was  estimated  as  0.050  ampere, 
or  7.4  per  cent  less  than  the  value  calculated  from  the  actual 
operating  limit.  Considering  the  extent  to  which  judgment 
enters  into  such  tests  and  also  the  ability  of  an  operator  to  adjust 
his  relay  properly,  the  agreement  is  fairly  satisfactory. 

The  calculated  leakage  conductance,  given  in  (119),  corres- 
ponds to  an  insulation  resistance  of  0.78  megohm  per  mile 
(1.6  km.)  The  neutral  side  of  this  quadruplex  failed  quite  a 
ntmiber  of  times  a  year,  with  every  occurrence  of  fairly  heavy 
weather  over  the  line  as  a  whole. 

It  is  further  of  interest  to  know  that  those  in  charge  of  this 
line  had  found  experimentally  that  a  diminished  lamp  resistance 
increased  the  margin  of  operation,  as  we  know  it  should.  It 
was  also  found  that  a  reduction  of  the  resistance  of  the  polar 
relay  produced  the  same  result  without  jeopardizing  the  margin 
on  the  polar  side,  as  again  we  know  it  should.  The  operation 
could  be  further  improved  by  employing  Frier  relays  and  greater 
value  of  maximum  e.m.f.  The  standard  lamp  resistance  is 
600  ohms  and  is  detrimental  to  transmission.  The  resistance 
of  polar  relays  is  generally  800  ohms,  which  is  needlessly  high 
for  most  lines.  The  resistances  used  in  the  example  just  given 
are  sufficiently  high  as  a  rule. 
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Summary,  The  results  obtained  for  the  three  types  of  trans- 
mission, given  in  Tables  V,  XI  and  XIII,  are  summarized  in 
Table  XIV  for  comparison,  and  plotted  in  Fig.  8. 


TABLE  XIV 
SUMMARY  OP  LINE  LENGTH 


Resistance 
per  mile 

Maximum  pennissibte  length  of  line 

Duplex 

Simplex 

Ouadruplex 

2  ohms 

783  miles 

597  mUes 

531  miles 

3 

658 

510 

442 

4 

580 

450 

386 

6 

485 

376 

313 

8 

425 

331 

268 

10 

384 

299 

236 

15 

318 

248 

186 

20 

278 

217 

156 

26 

250 

195 

135 

30 

229 

179 

120 

40 

200 

156 

98.7 

50 

180 

140 

84.3 

The  curves  in  Fig.  8  permit  the  determination  of  the  line 
length  for  a  wire  of  any  stated  resistance  per  mile.  They  also 
illustrate  clearly  the  differences  in  transmission  range  among  the 
three  systems.  It  is  next  possible,  knowing  the  weight  of  the 
mile-ohm  at  the  desired  temperature  and  the  conductor  weight 
per  mile,  to  find  the  resistance  per  mile  and  interpolate  the  line 
length  from  Fig.   8. 

The  mile-ohms  of  the  Une  conductors  used  almost  exclusively 
in  telegraph  service  are  given  in  (130)  below,  for  a  temperature 
of   68   deg.  fahr. 

Hard  drawn  copper  (98  per  cent)  =    895  lb. 


Extra  best  best  iron 
Best  best  iron 
Steel 


=  4,700  « 
=  5,500  « 
=  6,500    " 


(130) 


The  values  given  by  different  manufacturers  for  iron  vary 
slip:htly  and  so  do  the  conductor  weights.  The  values  above 
are  taken  from  Roebling's  tables. 

A  new  type  of  conductor  which  deserves  special  attention  for 
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telegraph  service  is  copper-clad  steel.  A  full  discussion  of  its 
elementary  properties  is  referred  to  below.*  It  consists  of  a 
steel  core  with  an  enveloping  copper  shell,  the  metals  being 
welded  at  the  junction.  The  conductivity  of  such  a  wire  can 
be  varied  within  certain  limits  by  altering  the  proportions  of 
copper  and  steel.  The  method  of  rating  is  usually  in  terms  of 
its  conductivity  ratio  to  solid  copper  of  equal  size.  A  ratio  of 
40  per  cent  has  been  standardized  by  one  manufacturer  and  is 
in  considerable  use,  for  various  purposes.  The  rated  value  of 
the  mile-ohm  at  68  deg.  fahr.  is 


W^= 2,075  lb.  (941  kg.)      ■ 


(131) 


I 

7W 

,\ 

\V 

V 

z 

^ 

\ 

Q=  4. 

R=»2S 

t.oco 

5 

-J 

^ 

N 

^«0 

N 

•x^ 

C; 

u»oo 
o 

^^ 

"^ 

.QlMOs 

— 

— 

so  »  30 

ohms  per  mile 
Fig.  8 


The  tensile  strength  of  wires  of  this  material,  in  telegraph 
sizes,  is  from  90,000  to  100,000  lb.  per  square  inch  (6.45  sq.  cm.) 
compared  with  60,000  to  65,000  lb.  (27,215  kg.  to  29,483  kg.) 
for  hard-drawn  copper;  the  elastic  limit  is  approximately  50  per 
cent  more  for  copper-clad  than  for  copper.  The  modulus  of 
elasticity  for  copper-clad,  in  inch-lb.,  is  from  21,000,000  to 
22,000,000,  compared  with  16,000,000  to  17,000,000  for  copper. 

Employing  these  several  values  of  the  mile-ohm  to  determine 
the  resistance  per  mile  for  various  gauge  sizes  and  then  inter- 
polating the  line  lengths  from  Fig.  8,  gives  results  as  follows, 
in  Table  XV,  for  simplex  transmission. 

*"  Electrical  Properties  of  Compound  Wires,"  Electrical  Worlds  De- 
cember 22,  1910;  December  29,  1910;  and  January  12.  1911. 
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TABLE  XV 
MAXIMUM  PERMISSIBLE  LINE  DISTANCES  FOR  SIMPLEX  TRANSMISSION 


Masdmum  line  distance 

Gauge 
number 

Hard- 
drawn 

(B?Ts.) 

cb!*  S.) 

-  E.  B.  B. 
iron 
(B.  W.  G.) 

B.  B. 

iron 

(B.  W.  G.) 

Steel 
1  (B.W.G.) 

6 

585 

897 

327 

304 

282 

7 

535 

358 

293 

273 

252 

8 

485 

322 

270 

252 

233 

9 

437 

290 

245 

228 

211 

10 

395 

261 

223 

207 

191 

11 

357 

235 

202 

186 

173 

12 

321 

211 

184 

171 

167 

13 

289 

188 

161 

149 

14 

260 

169 

141 

Attention  is  called  to  the  fact  that  the  gauges  in  Table  XV 
are  not  all  alike;  the  Brown  and  Sharpe  gauge  is  commonly 
used  with  copper  and  copper-clad  wires,  while  the  Birmingham 
gauge  is  used  with  iron  and  steel. 

In  order  to  show  the  general  relation  between  the  conductor 


LENGTH  OF  LINE.  IN  MILES 

Fig.  9 

weight  per  mile  and  the  line  length,  the  distances  given  in 
Table  XV  and  the  corresponding  conductor  weights  have  been 
plotted  in  Fig.  9. 

These  curves  emphasize  again  how  rapidly  the  weight  per 
mile  increases  with  the  length  of  the  line.    They  also  illustrate 
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the  need  of  making  cost  studies  of  transmission  to  decide  the 
most  economical  proportions  and  designs;  some  of  these  features 
have  akeady  been  pointed  out  and  others  will  be  discussed  later 
in  general  terms. 

Nearly  all  of  the  large  telephone  and  telegraph  companies 
have  standardized  certain  gauges  of  wire,  which  is  obviously 
desirable  in  a  large  wire  plant  to  secure  flexibility.  The  standard 
conductors  in  long-distance  telephone  service  have  been  for 
many  years  No.  8  B.  W.  G.  and  No.  12  N.  B.  S.  G.  hard-drawn 
copper.  The  standards  for  telegraph  service  have  long  been 
No,  9  B.  &  S.  copper  and  No.  8  B.  W.  G.  iron.  Other  sizes  have 
been  used  to  some  extent,  but  not  generally. 

The  operative  limits  of  various  conductors  in  use  are  given 
in  Table  XVI. 

TABLE  XVI 
OPBRATHTB   LIMITS   OP   VARIOUS   CONDUCTORS   USBD   IN    TBLBGRAPH 

SBRVICB 


Gauge 


No.    8  B.  W.  G... 

•  9  B.  &  S.... 
■      12  N.  B.  S.  G. 

•  10  B.  &  S. . . . 

6  B.  W.  G. . . 
8  B.  W.  G... 

•  10  B.  W.  G. . . 


Material 


H.  D.  copper 


B.  B.  iron 


Weight 

per  mile 

Ob.) 


435 
209 
173 
166 
573 
378 
250 


Operatiye 
limit 
(miles) 


593 
437 
402 
395 
304 
252 
207 


The  curve  for  copper  in  Fig.  9  shows  that  it  is  the  lightest 
material  of  all  for  any  specified  service;  and  at  normal  prices  it  is 
also  the  cheapest  on  a  basis  of  conductivity.  But  conductivity 
is  not  an  exclusive  consideration;  the  mechanical  properties  are 
fully  as  important.  A  long  experience  with  hard-drawn  copper 
in  the  sleet  zones  has  demonstrated  that  the  strength  of  No.  9 
B.  &  S.  is  not  capable  of  withstanding  the  storms  of  extreme 
severity,  although  it  stands  up  fairly  well  in  moderate  storms. 
No.  12  N.  B.  S.  G.  has  somewhat  less  strength  than  No.  9  B.  &  S. 
and  will  not  sustain  severe  loads  of  sleet  and  wind. 

If  a  copper  wire  of  200  lb.  (90.7  kg.)  weight  per  mile  (1.6  km.) 
is  regarded  as  the  smallest  practicable  size,  it  is  evident  from 
Pig.  9,  that  this  size  must  be  used  for  all  lines  less  than  430  miles 
(692  km.)  in  length,  until  the  200-lb.  (90.7  kg.)  abscissa  intersects 


Digitized  by  VjOOQIC 


1728 


FOWLE:  TELEGRAPH  TRANSMISSION         (June  28 


the  curve  for  copper-clad  steel  at  about  300  miles  (482.8  km.) 
or  the  curve  for  B.  B.  iron  at  about  185  miles  (297.7  km.). 

A  detailed  cost  study  is  necessary  to  fix  the  relative  economy 
of  various  kinds  of  conductors,  but  in  general  it  can  be  said  that 
copper-clad  steel  finds  its  economical  field  of  use  in  the  lines 
less  than  300  miles  (482.8  km.)  in  length,  except  where  automatic 
repeaters  can  be  employed.  In  making  such  a  study  it  ought 
to  be  kept  in  mind  that  iron  and  steel  wires  ultimately  corrode 
and  that  with  the  progress  of  age  (and  corrosion)  they  suffer  a 
progressive  loss  of  conductivity  and  tensile  strength.  The 
tensile  strength  requirements  depend  in  great  part  on  the  most 
severe  combinations  of  sleet  and  wind  which  are  likely  to  occur; 
in  the  foot-note  reference*  there  will  be  found  an  investigation 
of  this  subject  from  conditions  prevailing  in  the  vicinity  of 
Chicago,  111. 

Finally,  it  is  pertinent  to  compare  the  results  obtained  from 
the  leakage  theory  of  transmission  (over  open-wire  lines)  with 
the  empirical  results  stated  by  Mr.  Herbert  and  given  in  (2), 
(3)  and  (4)  at  the  opening  of  the  paper.  The  results  are  directly 
compared,  so  far  as  possible,  in  Table  XVII. 

TABLE  XVII 
COMPARISONIOP  THE  K  R  AND  THE  LEAKAGE  THEORIES  OF 
TRANSMISSION 


Conductor 
material 

and  weight 
per  mile 

Operative  limit 

KR 

theory 

Leakage 
theory 

150-lb.  copper 

100-  ■         ■      

590 
487 
363 
291 

377 
314 
272 
258 

450-  ■   iron 

400-  ■       ■ 

The  empirical  KR  rule  applies  to  English  practice  which 
employs  the  open-circuit  method,  while  the  leakage  theory  ap- 
plies to  American  practice,  or  the  closed-circuit  method.  The 
results  are  not  directly  comparable,  of  course,  but  tend  toward 
the  conclusion  that  the  K  R  theory  gives  greater  operative  limits 
than  the  leakage  theory;  or  otherwise  stated — ^in  the  present 
state  of  development  the  operative  limit  is  fixed  by  considera- 

*"  A  Study  of  Sleet  Loads  and  Wind  Velocities,"  mectrical  World, 
October  27,  1910. 
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tion  of  the  Ohm's  law  strength  of  signals,  rather  than  the  speed 
of  transmission. 

The  K  R  theory  certainly  fails  to  develop  the  important  rela- 
tions between  the  properties  of  the  line  and  the  properties 
of  the  terminals  which  are  so  clearly  brought  out  in  the  leakage 
theory.  But  fundamentally  the  KR  law  is  absolutely  in- 
applicable to  open-wire  lines  for  the  simple  reason  that  they 
possess  inductance  and  leakage  in  addition  to  the  cable  prop- 
erties of  resistance  and  capacity. 

V.  Relay  Design 

There  has  been  considerable  activity  from  time  to  time  in 
relay  design  and  improvement,  but  it  does  not  seem  to  be 
keenly  realized  that  one  of  the  very  important  things  is  to  keep 
the  terminal  resistance  at  an  absolute  minimum.  The  standard 
150-ohm  and  35-ohm  relays  have  not  undergone  any  material 
change  in  design  or  any  improvement  in  many  years.  The 
35-ohm  relay  is  not  the  equal  in  power  of  the  150  ohm,  because 
it  has  approximately  only  half  as  many  turns,  and  in  consequence 
it  requires  double  the  operating  current  for  equal  results. 

The  only  possible  way  in  which  the  resistance  can  be  reduced 
by  improvements  in  the  winding  is  to  increase  the  winding  volume, 
thus  making  it  possible  to  employ  a  larger  size  of  wire  without 
reducing  the  number  of  turns.  In  general  this  increases  the 
bulkiness  of  the  relay  and  such  a  result  seems  to  have  been  looked 
upon  unfavorably.  In  the  matter  of  insulation,  however,  there 
is  room  for  some  improvement  by  the  use  of  enamel  instead  of 
silk,  whenever  the  wire  used  is  smaller  than  No.  23  B.  &  S. 
gauge.  This  is  evident  from  a  consideration  of  the  coefficients 
of  space  utilization,  or  the  ratios  of  copper  volume  to  winding 
volume.  Obviously- the  thinner  the  insulation  the  more  turns 
of  a  given  size  of  wire  can  be  wound  in  a  stated  voliune,  or  for  a 
fixed  number  of  turns,  the  less  will  be  the  resistance.  Table 
XVIII  shows  the  results  of  a  study  of  space  utilization,  for  enamel, 
silk  and  cotton  insulation. 

The  advantages  of  silk  over  cotton,  and  enamel  over  both, 
are  very  clearly  shown.  It  is  obviously  desirable  to  employ 
enamel  insulation.  An  objection  has  been  urged  against  it  in 
the  matter  of  repairing  damaged  relays,  it  being  claimed  that 
the  wire  can  be  used  but  once  because  of  the  brittleness  of  the 
enamel  when  wound  on  a  very  small  radius.  Considering  the 
small  annual  maintenance  charge  per  relay  and  the  correspond- 
ing saving  in  line  conductor  cost  which  results  from  a  low  terminal 
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resistance,  it  is  practically  a  foregone  conclusion  that  enamel 
insulation  is  economical,  except  possibly  for  very  short  or  so- 
called  pony  lines. 

The  use  of  enamel  in  relays  of  the  neutral  type,  for  quadruplex 
service,  is  highly  important;  because  in  this  case  the  neutral 
side  is  the  least  stable  and  every  added  increment  of  margin  is 
valuable.  Referring  to  the  800-ohm  polar  relay  of  the  Stroh 
type  and  the  800-ohm  neutral  relay  of  the  Frier  type,  previously 
referred  to  and  tested,  and  made  by  the  same  manufacturer, 
the  polar  relay  had  a  total  of  14,200  turns  of  No.  35  B.  &  S. 
black  enamel  wire,  while  the  neutral  relay  had  a  total  of  14,100 
turns  of  No.  35  B.  &  S.  single-silk  covered  wire.  If  there  is  any 
choice  between  these  relays  as  to  which  one  should  have  enamel 

TABLE  XVIII 
COEFFICltENTS  OP  SPACE  UTILIZATION  IN  MAGNET  WINDINGS 

Coefficient  of  space  utilisfttion 


Single 
cotton 

8|gg. 

Enamel 

0.60 

0.67 

0.68 

0.46 

0.61 

0.68 

0.41 

0.67 

0.67 

0.36 

0.55 

0.64 

0.27 

0.50 

0.67 

0.23 

0.40 

0.65 

0.19 

0.39 

0.62 

0.14 

0.34 

0.67 

0.10 

0.29 

0.65 

insulation — which  it  seems  there  is  not — the  neutral  relay  should 
be  selected  most  obviously. 

The  opportunities  for  improvement  in  windings  generally  are 
well  worth  taking  advantage  of,  but  perhaps  the  greatest  im- 
provement that  can  be  made  has  to  do  with  the  magnetic  circuit. 
The  desideratum  in  a  relay  of  any  type  is  sufficient  force  of 
magnetic  attraction,  between  the  poles  and  the  armature,  to 
overcome  the  retractile  force  and  the  inertia  of  the  moving  sys- 
tem, and  to  close  the  local  contacts  quickly  and  firmly.  The  law 
of  magnetic  traction,  or  the  force  exerted  between  a  pole  and  its 
armature,  is 

^'"^  (132) 


P  = 


8t 
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expressed  in  c.g.s.  electromagnetic  units,  where  B  is  the  flux 
density  and  A  is  the  pole  area.  It  is  very  well  known  that  when 
the  pole  and  the  armature  are  in  contact,  or  that  is,  when  the 
magnetic  circuit  is  closed,  the  maximum  value  of  P  occurs  with 
a  minimum  value  of  A.  The  simple  explanation  is  the  fact 
that  halving  A,  for  example,  doubles  B  and  quadruples  the 
square  of  B,  and  so  doubles  the  value  of  P.  The  limit  naturally 
arrives  at  saturation. 

But  the  introduction  of  a  small  air-gap  between  the  pole 
and  its  armature,  as  in  the  ordinary  telegraph  relay,  establishes 
a  new  state  of  affairs.  Assuming  a  constant  number  of  ampere- 
turns,  it  is  essential  to  find  the  value  of  A  which  makes  P  a 
maximum.  The  reluctance  of  the  whole  magnetic  circuit  is 
comprised  in  very  large  part  of  the  reluctance  of  the  air-gap. 
If  0  is  now  the  total  magnetic  flux, 

^  =  BA  (133) 

and  therefore 

The  number  of  ampere-ttuns,  n  /,  required  to  establish  the 
total  flux  0  in  a  gap  of  length  /  and  area  A,  is 

^/=4^^  (136) 

or 


and 


'-{"^^v         <"" 


of  which  the  only  variable  part  is  A .  Therefore  the  larger  the 
area  of  the  air-gap  the  larger  will  be  the  pull  between  the  pole 
and  the  armature.  The  value  of  P  will  not  increase  quite  as 
fast  as  A ,  however,  because  a  small  part  of  the  ampere-turns  are 
required  to  overcome  the  reluctance  of  the  iron  portion  of  the 
magnetic  circuit,  and  this  part  will  increase  as  A  increases.  But 
a  very  substantial  increase  will  restdt  in  the  pull  P,  from  in- 
creasing the  area  of  the  gaps  in  a  standard  telegraph  relay. 


Digitized  by  VjOOQIC 


1732 


FOWLE:  TELEGRAPH  TRANSMISSION         [June  28 


This  result  is  directly  at  variance  with  the  eariy  theories  and 
it  is  particulariy  interesting  to  note  Professor  S.  P.  Thompson's 
reference,  in  his  '*  Lectures  on  the  Electromagnet,"  to  the  ex- 
periments of  Dr.  Julius  Dub  with  polar  extensions  on  bar  mag- 
nets, made  about  1850.  Dub  found  that  a  polar  enlargement 
decreased  the  pull  across  a  gap,  which  was  later  explained,  and 
correctly,  upon  the  theory  that  the  pole  piece  increased  the 
leakage  and  diminished  the  flux  which  issued  straight  out  from 
the  pole.  This  was  the  result  obtained  with  a  long  bar  magnet, 
which  is  the  direct  antithesis  of  a  horseshoe -magnet  with  an 
armature  separated  from  its  poles  by  a  small  gap.  The  correct- 
ness of  the  present  conclusions  has  been  proved  experimentally 
with  polar  enlargements  on  a  telegraph  relay 
of  the  standard  150-ohm  type. 

The  practical  benefit  which  results  from 
this  departure  in  the  construction  of  the 
magnetic  circuit  is  the  ability  to  reduce  the 
ampere-turns  and  the  resistance,  without 
sacrificing  the  intensity  of  armature  pull  or 
attraction  now  obtained.  There  are  many 
ways  of  securing  this  result.  Fig.  10  shows 
one  method  which  will  quickly  occur  to 
everyone.  A  superior  method  or  design  is 
shown  in  Fig.  11,  which  is  an  iron-clad  type 
with  a  large  pole  piece  on  the  central  core. 
In  the  last  case  a  total  armature  pull  of  no 
less  than  the  pull  in  a  standard  150-ohm 
relay  can  be  obtained  with  not  more  than  20  ohms  of  resistance 
in  the  winding. 

The  tendency  in  these  designs  is  toward  heavier  armatures 
and  greater  inertia,  making  it  necessary  to  increase  the  forces 
actuating  them  in  order  not  to  sacrifice  speed.  This  can  be 
minimized  by  using  armatures  as  thin  as  practicable,  mounted  on 
aluminum  frames.  If  the  35-ohm  standard  relay  is  taken  as  a 
basis,  instead  of  the  150-ohm,  the  resistance  can  be  reduced 
somewhat  below  20  ohms.  In  the  case  of  way  circuits  the  im- 
provements will  be  especially  marked. 

There  has  long  been  a  supposition  that  relays  with  short 
magnetic  circuits  are  inherently  quicker  than  relays  with  long 
circuits.  There  are  so  many  variables  in  relay  design,  however, 
that  comparisons  should  be  made  with  extreme  care.  Funda- 
mentally the  quality  of  iron  in  the  magnetic  circuit  should  be  of 


Fig.  10.~Enlarged 
pole  piece  and 
armature,  on  or- 
dinary type  of 
telegraph  relay. 
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the  best — of  high  permeability  and  as  nearly  devoid  of  hysteresis 
as  possible.  For  the  most  rapid  operation  the  magnetic  cir- 
cuit should  be  laminated  and  the  laminations  should  be  insu- 
lated, in  order  to  secure  full  magnetic  penetration  in  the  shortest 
time.  Solid  thick  cores  are  the  least  desirable  in  form,  because 
the  screening  or  dissipative  effect  of  eddy  currents  diminishes 
the  rate  of  magnetic  penetration. 

VI.  General  Improvements  in  Terminal  Conditions 
Aside  from  the  matter  of  relay  improvements  it  is  generally 
possible  to  improve  telegraph  operation  by  careful  attention 
to  the  terminal  conditions.  In  particular  it  should  be  kept 
in  mind  that  faults  here  decrease  the  operative  margin  or  limit 
of  working  distance  and  can  only  be  compensated  for  by  in- 
<:reased  line  conductivity.     The  lamp  resistances,  where  gen- 


FiG.   11. — Iron-clad  relay  with  enlarged  pole  areas 

erators  are  employed,  should  be  made  as  low  as  possible;  iron 
filaments  should  always  be  employed  in  the  place  of  carbon, 
which  has  a  negative  temperature  coefficient.  The  resistance 
of  earth  connections  should  also  be  made  as  low  as  possible,  and 
to  that  end  should  be  measured  periodically. 

A  most  economical  size  of  office  wire  can  always  be  calcu- 
lated for  any  specific  line  circuit;  and  in  order  to  secure  flexibility 
as  well  as  economy,  the  size  used  ought  to  be  adequate  for  all 
except  possibly  the  very  longest  lines,  which  will  have  special 
office  conductors  of  the  proper  size.  The  matter  of  office  wiring 
is  doubly  important  on  way  circuits. 

The  terminal  resistances  can  be  made  less  as  a  whole  with 
generators,  than  with  batteries,  for  e.m.f.  soiu"ces.  Careful 
cost  studies  to  determine  where  and  when  it  will  be  economy  to 
replace   battery   installations   with   generators   will    generally 
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pay  for  themselves.  The  rapid  development  of  electric  power 
service  all  over  the  country  now  makes  it  rarely  necessary  to 
rely  on  batteries  or  isolated  plants,  although  the  latter  may  pay 
for  themselves  in  some  instances. 

Specifically,  it  seems  possible  in  most  cases  to  do  away,  in 
whole  or  in  part,  with  lamp  resistances.  These  resistances  are 
used  mainly  to  prevent  dangerous  currents  in  the  case  of  short- 
circuits  or  grounds  near  the  generator — or  the  terminal  office.  Of 
course  the  resistance  is  necessary  in  some  cases  to  prevent  spark- 
ing at  line  contacts  and  cannot  be  sacrificed  in  that  case  without 
some  efficient  substitute.  But  where  such  is  not  the  case  it 
seems  that  a  circuit  breaker  of  special  design  would  provide  the 
necessary  protection  with  much  saving  in  terminal  resistance. 
In  order  not  to  open  the  line  entirely  it  is  proposed  that  the 
circuit  breaker  should  normally  short-circuit  the  protective 
resistance  and  cut  it  into  circuit  upon  operation — or  whenever 
the  current  exceeds  the  safe  limit  at  which  the  breaker  is  set  to 
act.  These  circuit  breakers  should  be  within  sight  of  the  wire 
chief  and  should  give  an  alarm  upon  their  operation — ^and  if  there 
are  many  of  them,  a  visual  signal  also. 

VII.  Improvements  in  Line  Insulation 
The  minimum  value  of  insulation  resistance  experienced  in 
practice  is  a  critical  factor  in  fixing  the  required  line  conductance, 
as  already  pointed  out.  In  order  to  show  this  more  effectively 
the  following  Table  XIX  has  been  computed  for  a  line  of  10  ohms 
resistance  per  mile,  assuming  simplex  transmission  under  the 
conditions  previously  described. 

TABLE  XIX 

EFFECT  OF  VARYING  LEAKAGE  ON  A  LINE  OF  10  OHMS  PER  MILE.  FOR 

SIMPLEX  TRANSMISSION 


Insulation  resistance 
megohms 
per  mile 

Leakage  conductance 

mhos  per 

miles 

Operative  limit 
in  mUes 

1.000 
0.500 
0.250 
0.125 

1.0X10^ 
2.0X10^ 
4.0XlO-« 
8.0X10^ 

624 
433 
299 
204 

The  table  shows  that  the  operative  limit  in  miles  increases 
slightly  faster  than  the  one-half  power  of  the  ratio  of  increase 
in  insulation  resistance;  that  is,  quadrupling  the  insulation  re* 


Digitized  by  VjOOQIC 


1911] 


FOWLE:  TELEGRAPH  TRANSMISSION 


1735 


sistance  increases  the  operative  limit  slightly  more  than  double. 
The  great  saving  in  line  cost  which  will  result  from  better  insula- 
tion is  perfectly  apparent  and  it  is  also  apparent  that  the  cost  of 
better  insulators  may  double  or  triple  without  materially  re- 
ducing the  saving  if  the  gain  in  insulation  is  commensurate. 

If  the  insulation  could  be  increased  indefinitely  an  operative 
limit  would  be  fixed  in  any  case  by  the  inability  to  signal  with 
requisite  speed,  but  there  is  a  large  margin  for  improvement. 
For  example,  several  cases  have  come  under  the  author's  ob- 
servation where  circuits  of  No.  8  B.  W.  G.  iron,  500  to  600  miles 
in  length,  have  been  employed  for  through  simplex  or  duplex 
service,  without  repeaters  in  good  weather;  upon  the  approach 
of  heavy  weather  automatic  repeaters  were  cut  in  near  the 
middle  of  the  line.  If  such  a  circuit  measured  10,000  ohms  in 
clear  weather,  it  would  require  only  250  volts  at  each  terminal 


Fig.  12.— Standard  glass      Fig.  13.— -Standard 
insulator  for  telephone  glass  insulator  for 

lines  telegraph  lines 


Fig.  14.  —  Porcelain 
insulator  for  loaded 
telephone  lines 


to  secure  a  line  current  of  0.050  ampere,  which  is  well  under  the 
voltage  limit  for  telegraph  circuits  in  general,  except  composited 
telephone  circuits. 

There  are  two  possible  methods  of  improving  the  insulation. 
The  first  is  the  reduction  of  the  number  of  poles  per  mile  and 
consequently  the  number  of  insulators.  In  general  this  method 
is  inapplicable  except  on  lines  carrying  very  few  wires,  be- 
cause it  requires  greater  sag  in  the  spans,  higher  poles  and  in- 
creased horizontal  separation  between  adjacent  wires.  The 
second  method,  which  holds  the  greater  potential  possibilities, 
is  the  adoption  of  better  insulators. 

Two  types  of  insulators  now  in  very  extensive  use  are  shown 
in  Figs.  12  and  13.  The  first  is  the  standard  glass  insulator 
for  telephone  service  and  the  second  is  the  standard  glass  insu- 
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lator  for  telegraph  service.  A  recent  type  of  porcelain  insulator 
for  loaded  telephone  lines  is  shown  in  Fig.  14.  The  latter  repre- 
sents an  effort  to  secure  better  insulation  and  is  of  special  in- 
terest for  that  reason.  It  was  learned  some  years  ago,  after  the 
first  attempts  to  load  long  telephone  circuits  qf  No.  8  B.  W.  G. 
copper,  that  the  normal  gain  in  transmission  could  not  be 
maintained  in  heavy  weather,  because  of  the  low  insulation— 
a  result  which  was  quite  in  accord  with  the  full  theory  of  the 
subject.  In  fact,  when  the  insulation  was  very  low,  the  loading 
caused  an  actual  loss  in  transmission  as  compared  with  an 
unloaded  circuit.  The  insulator  in  Fig.  14  is  reported  to  give 
satisfactory  results  in  the  brief  experience  with  it  up  to  this 
time. 

These  three  insulators  are  all  of  the  same  general  type,  mounted 


Fir..  15. — Improved  type  of 
porcelain  insulator  for  telegraph 
lines 


Fig.  16. — Under  hung  type  of 
porcelain  insulator  for  telegraph 
lines 


on  a  pin,  directly  above  and  rather  close  to  the  cross-arm.  In 
common  they  possess  the  disadvantage  that  the  impact  of  heav\' 
rainfall  on  the  cross-arm  tends  to  spatter  the  under  sides  of  the 
petticoats  and  thus  impair  the  insulation  resistance.  The  in- 
sulator shown  in  Fig.  15  is  designed  to  relieve  this  condition 
somewhat,  but  it  is  very  difficult  to  do  so  without  increasing 
the  length  of  the  pin  and  thus  increasing  the  stresses  in  the 
cross-arm,  at  times. 

The  possibility  also  suggests  itself  of  adopting  an  under-hung 
insulator,  of  the  pin  type.  Such  a  type  is  shown  in  Fig.  16; 
it  seems  to  offer  greater  probability  of  a  comparatively  dry  interior 
than  any  of  the  previous  types.  ^  The  large  petticoat  serves  both 
to  shed  the  water  which  comes  from  the  cross-anp  and  shelter 
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the  interior.  No  water  could  reach  the  interior  by  impact  or 
by  spattering;  if  the  line  were  on  a  hillside,  a  small  amount  of 
water  might  trickle  down  the  line  wire  and  wet  the  tie,  but  it 
would  then  drain  .to  the  under  flange  and  drip  to  ground. 

It  is  but  a  step  further  in  evolution  to  the  more  radical  pro- 
posal for  an  insulator  of  the  suspended  or  strain  type,  now  familiar 


FiG.17. 

Strain  insulator 


in  power  transmission.  The  in- 
sulator shown  in  Fig.  17  is  dis- 
similar, however,  from  any  of 
the  present  types  for  the  latter 
purpose.  It  is  specially  designed  to  obtain  as  dry  an  interior 
as  possible  and  consequently  has  an  extended  shell  or  petticoat. 
The  suspension  is  of  the  link  type,  submitting  the  porcelain  to 
compression  stresses  almost  entirely.     The  hole  for  the  upper 

suspension  is  made  straight  at  the 
bottom  so  as  not  to  hold  water,  which 
might  otherwise  collect  and  freeze, 
thus  splitting  the  insulator  by  its  ex- 
pansion. As  much  room  as  possible 
is  provided  in  the  interior  for  the  in- 
sertion of  the  lower  suspension,  be- 


m^^^^ 


Fig.  18. — Strain  insulator, 
showing  suspension 


Fig.  19. — Strain  insulator 


tween  the  shell  and  the  bridge.    Fig.  18  shows  the  general  method 
of  suspension  and  a  particular  method  of  attachment  to  the  line 
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wire.  Fig.  19  shows  the  same  general  design  with  greater  flare 
of  the  shell.  This  general  type  of  insulator  will  only  serve  for 
tangent  portions  of  a  pole  line,  where  all  the  stresses  of  the  line 
wire  lie  in  a  vertical  plane;  at  comers  and  curves  the  rigid  sus- 
pension is  necessary.  It  will  permit  slightly  greater  swinging 
of  spans  than  ordinarily  occurs  with  rigid  suspensions  and  on 
that  account  it  will  be  necessary  to  increase  the  horizontal 
separations  slightly.  In  long  tangents  it  will  be  necessary  to 
introduce  rigid  suspensions  for  anchorage  purposes,  at  periodic 
intervals. 

The  natural  flexibility  of  this  type  of  construction  gives  it 
some  advantages  under  severe  loads  of  sleet  and  wind.  The 
breaking  of  a  single  conductor  does  not  ordinarily  relieve  adja- 
cent spans,  but  in  this  case  it  would  do  so  for  some  distance  and 
thus  tend  to  prevent  the  complete  stripping  of  wire  which  occurs 
frequently  in  severe  sleet  storms. 

The  strain  type  of  insulator  is  better  adapted  to  pole  lines 
carrying  a  few  wires  than  to  lines  heavily  loaded,  on  account  of 
the  greater  horizontal  separation  needed.  At  the  same  time, 
however,  it  can  be  used  to  increase  the  wire  capacity  of  present 
lines,  by  stringing  new  circuits  between  arms.  For  special 
purposes,  such  as  patrol  circuits  on  or  parallel  to  transmission 
lines,  it  also  has  advantages. 

In  general  the  proposal  to  change  the  types  of  line  construc- 
tion may  seem  radical  to  the  telegraph  field,  which  has  been 
accustomed  for  so  many  years  to  fixed  standards.  But  one  of 
the  greatest  potential  dangers  in  standardization  lies  in  the 
fact  that  it  may  be  overdone  and  given  standards  persisted  in 
too  long,  at  the  sacrifice  of  progress  and  efficiency. 
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Discussion  on  **  Telegraph  Transmission."    Chicago, 
June  28,  1911. 

Bancroft  Gherardi:  Mr.  Fowle's  paper,  which  I  have  been 
asked  to  discuss,  is  one  of  particular  interest,  as  it  undertakes  to 
present  and  to  treat  in  a  scientific  manner  a  number  of  telegraph 
problems  in  the  same  way  which  has  been  so  successful  in  dealing 
with  problems  concerning  telephone  work,  power  transmissions 
and  electric  light  work.  But  few  papers  have  been  presented 
recently  in  this  country  which  have  dealt  with  telegraph  prob- 
lems as  though  they  were  controlled  by  the  same  physical  laws 
as  are  the  other  branches  of  the  electrical  art.  I  have  had  so 
little  time  since  I  received  the  copy  of  this  paper  that  I  have  been 
unable  to  study  the  mathematical  proportion  of  the  paper,  but 
I  have  been  over  the  rest  of  it,  and  the  results  which  Mr.  Fowle 
states  have  been  attained  in  practice  are,  in  general,  in  accordance 
with  our  experience. 

The  paper  covers  the  subject  from  so  many  different  aspects 
that  it  will  be  impossible  for  me,  in  the  time  to  which  my  dis- 
cussion is  limited,  to  speak  of  many  interesting  questions  which 
it  raises.  On  two  points,  however,  I  should  like  to  say  a  few 
words. 

Mr.  Fowle  gives  an  interesting  discussion  of  the  problem  of 
insulating  telegraph  lines.  This  is  a  very  important  question 
and  one  to  which  much  study  has  recently  been  given  in  the 
telephone  field,  with  the  result  that  we  are  trying  out  a  number 
of  special  designs  of  instdators,  both  of  porcelain  and  glass. 
The  paper  suggests  that  a  suspended  instdator  be  adopted  on 
certain  telegraph  lines.  Much  time  and  study  will  have  to  be 
given  to  this  question  before  it  is  demonstrated  that  it  will  be 
necessary  to  make  such  a  radical  departure  from  existing  insu- 
lator methods  in  order  to  obtain  the  desired  restdts.  A  great 
many  mechanical  difficulties  would  have  to  be  overcome  in 
connection  with  the  use  of  such  insulators  on  telegraph  lines,  and 
it  does  not  seem  to  me  that  it  is  as  yet  by  any  means  demon- 
strated that  we  cannot,  by  the  use  of  instdators  of  suitable  ma- 
terial and  suitable  design,  and  supported  on  pins  in  the  usual 
manner,  obtain  the  desired  results  more  cheaply  and  more 
satisfactorily  than  by  the  use  of  a  suspended  insulator.  The 
suggestion  in  question  is  an  interesting  one,  however,  and  I  am 
very  glad  that  it  has  been  made,  but  it  is  my  feeling  at  the 
present  time  that  other  and  less  radical  methods  are  likely  to 
accomplish  the  desired  results. 

The  author's  suggestion  that  much  use  might  be  made  of  cop- 
per steel  wire  for  telegraph  circuits  raises  at  once  a  serious  ques- 
tion in  my  mind.  This  wire  has,  I  believe,  in  general,  an  ohmic 
resistance  of  about  2i  times  that  of  hard  drawn  copper  wire  of  the 
same  diameter.  It  would,  therefore,  seem  to  me  that  the  same 
reasons  which  have  led  the  telegraph  companies  to  so  generally 
employ  in  their  more  important  circuits  hard  drawn  copper 
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wire  instead  of  iron  would  deter  them  from  employing  a  material 
which  would  represent  a  step  backwards  in  this  most  important 
characteristic  of  a  line. 

Frank  F.  Fowle:  The  points  brought  out  by  Mr.  Gherardi 
in  relation  to  suspended  insulators  for  telegraph  lines  I  believe 
are  well  taken.  The  choice  of  a  satisfactory  insulator  is  neces- 
sarily a  compromise  between  cost  and  efficiency,  and  on  that 
score  everyone  seems  to  agree  that  the  ordinary  glass  insulators 
now  in  service  can  be  much  improved  upon.  The  question  is 
how  far  we  can  go  in  the  direction  of  better  efficiency  before  the 
cost;  becomes  too  great — or  in  other  words,  where  is  the  point 
of  maximum'  commercial  efficiency. 

Before  we  can  answer  this  question  it  is  necessary  to  know 
what  we  can  accomplish  in  improving  the  physical  efficiency, 
without  regard  to  cost.  After  settling  that  part  of  the  problem, 
a  cost  study  will  fix  the  highest  point  of  efficiency  which  is  com- 
mercially feasible.  My  proposal  for  suspension  insulators  does 
not  go  farther  than  the  first  stage  of  the  problem,  and  is  along 
the  line  of  obtaining  the  highest  degree  of  insulation  which  is 
physically  possible.  An  insulator  of  the  suspension  type  is 
admittedly  objectionable  from  a  mechanical  standpoint  where 
the  line  wires  are  crowded  together  on  the  pole  line,  with  the 
smallest  feasible  separation.  On  the  opposite  hand  it  seems  to 
possess  numerous  advantages  where  the  wires  are  few  in  num- 
ber, comparatively,  and  the  climatic  conditions  to  be  met  are 
severe.  It  is  probably  too  soon  to"  state  any  conclusions  as  to 
what  forms  and  types  of  instdators  will  finally  survive  as  com- 
mercially the  fittest  for  various  classes  of  telephone,  telegraph 
and  signal  service. 

Mr.  Gherardi *s  remarks  in  relation  to  the  use  of  copper  steel 
wire — or  as  it  is  more  familiarly  known,  copper  clad  steel — 
indicate  that  he  is  thinking  principally  of  conductivity,  without 
full  regard  for  other  requirements.  Tensile  strength  is  a  factor 
quite  as  important  as  conductivity. 

The  commercial  field  for  any  conductor  of  a  new  type,  such  as 
copper  clad  steel,  is  necessarily  a  question  of  economics.  The 
latter  phase  of  the  subject  has  not  been  treated  in  the  present 
paper,  but  it  will  be  found  in  somewhat  extended  form  in  my 
paper  on  **  Line  Conductor  Requirements  for  Telegraph  Trans- 
mission," read  before  the  Association  of  Railway  Telegraph 
Superintendents,  at  the  annual  convention  of  this  year.  The 
latter  paper  contains  a  full  substantiation  of  the  statement  made 
by  me  in  the  present  paper,  that  copper  clad  steel  finds 
its  economical  field  in  the  lines  less  than  300  miles  in  length, 
approximately,  where  no  repeaters  are  employed.  If  automatic 
repeaters  are  made  use  of,  the  economical  range  of  copper  clad 
steel  wire  is  limited  only  by  the  feasible  number  of  repeater  sets 
from  an  operating  standpoint.  One  set  will  extend  the  range  to 
about  600  miles  and  two  sets  to  900  miles. 

The  substitution  of  copper  wires  for  iron  by  the  telegraph  com- 
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panies  is  probably  traceable  to  several  causes.  The  difficulty  of 
maintaining  iron  wire  in  good  condition  has  increased  of  late 
years,  owing  both  to  the  use  of  inferior  metals  in  manufacture 
and  to  the  more  general  presence  of  corrosive  agents  in  the  at- 
mospheres of  cities,  industrial  regions  and  along  steam  railroads. 
The  difficulties  are  increased  by  the  fact  that  the  life  of  the  joints 
is  not  equal  to  the  life  of  the  body  of  the  wire.  Joints  deteriorate 
rapidly  and  increase  in  ohmic  resistance.  The  substitution  of 
copper  greatly  diminishes  the  rate  of  depreciation,  because  the 
oxide  coating  on  the  surface  of  copper  is  protective  and  arrests 
further  corrosion  while  it  remains  intact. 

Owing  to  the  fact  that  the  tensile  strength  of  hard-drawn  cop- 
per does  not  exceed  approximately  65,000  lb.  per  sq.  in., 
it  is  not  feasible  to  employ  small  wires,  except  in  mild  climates. 
The  telegraph  companies  have  settled  on  a  standard  of  No.  9 
B.  &  S.,  weighing  209  lb.  per  mile,  which  has  a  breaking  strength 
of  about  620  lb. 

The  use  of  copper  clad  steel  wire  in  place  of  this  conductor 
is  not  economical  except  where  the  conductance  of  No.  9  copper 
is  in  excess  of  the  transmission  requirements.  For  example,  the 
use  of  No.  9  copper  for  a  telegraph  line  150  miles  long  is  an  eco- 
nomic waste  of  copper,  because  a  much  smaller  conductor  would 
provide  the  necessary  conductance.  At  the  same  time  the 
correct  size  of  copper  from  a  conductance  standpoint  would  not 
be  strong  enough  to  sustain  loads  of  wind  and  sleet,  and  would 
not  give  reliable  service — if  in  fact  it  would  stay  up  at  all. 

Such  a  case  forms  an  ideal  illustration  of  the  value  of  copper 
clad  steel  wire,  whose  tensile  strength  is  approximately  90,000 
to  100,000  lb.  per  square  inch.  This  type  of  wire  could  be  sub- 
stituted for  solid  copper,  in  this  instance,  with  considerable  sav- 
ing in  cost,  because  its  superior  tensile  strength  permits  the  use 
of  smaller  sizes  than  are  permissible  with  copper. 

Of  course  the  substitution  of  copper  clad  steel  for  copper,  where 
the  size  of  copper  needed  electrically  is  also  sufficiently  strong 
mechanically,  is  out  of  the  question.  Had  my  statement  that 
copper  clad  steel  is  an  economical  and  suitable  telegraph  con- 
ductor been  unaccompanied  by  the  important  qualification  that 
300  miles  is  the  limit  on  its  use  in  circuits  without  repeaters, 
Mr.  Gherardi's  general  objection  on  the  score  of  low  conductivity 
would  be  well  sustained.  But  in  the  light  of  all  the  analysis  of 
the  problem  it  seems  to  be  clearly  established  that  the  superior 
strength  of  copper  clad  steel  wire,  taken  in  conjunction  with 
present  market  prices,  proves  it  in  for  distances  in  simplex 
service  up  to  about  300  miles. 
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